The effect of diet/supplement intake and competitive swimming/gymnastics upon the bone mineral density of collegiate females by Jones, Teresa Christine
Louisiana State University
LSU Digital Commons
LSU Master's Theses Graduate School
2001
The effect of diet/supplement intake and
competitive swimming/gymnastics upon the bone
mineral density of collegiate females
Teresa Christine Jones
Louisiana State University and Agricultural and Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses
Part of the Human Ecology Commons
This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in LSU
Master's Theses by an authorized graduate school editor of LSU Digital Commons. For more information, please contact gradetd@lsu.edu.
Recommended Citation
Jones, Teresa Christine, "The effect of diet/supplement intake and competitive swimming/gymnastics upon the bone mineral density
of collegiate females" (2001). LSU Master's Theses. 2796.
https://digitalcommons.lsu.edu/gradschool_theses/2796
THE EFFECT OF DIET/SUPPLEMENT INTAKE AND COMPETITIVE 


















Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College  
in partial fulfillment of the 
requirements for the degree of 



















Teresa Christine Jones  





The author would like to thank Dr. Paula Howat for her guidance and 
direction on this project. It was a pleasure to work under a professor with 
immense research experience. 
Thank you committee for your suggestions and guidance. Thanks to the 
athletes who took time away from their hectic schedule during the competitive 
season to participate in this study. In addition, special thank you to Lori Love at 
Women’s Hospital who coordinated the subjects’ DEXA appointments and 
organized much of the  subject data.  
 The author would like to express her sincere appreciation and admiration 
for her parents, Terry and Nettie Smith for their unfailing support and continuous 
expression of pride. The author would also like to thank her husband, Bryan for 
his love, understanding and endurance. 
 iii 
TABLE OF CONTENTS 
 
ACKNOWLEDGEMENTS  …………………………………………………..  ii 
 
LIST OF TABLES  ………………………………………..…………….……. v 
 
ABSTRACT ………………………………………………………………..…. vi 
 
OPERATIONAL DEFINITIONS  ……………………………….…………... 1 
 
RATIONALE FOR STUDY  …………………..…………………...……….…. 3  
Statement of the Problem    ..……………………………..…….…… 5 
Objectives    …………………………………………………………… 5 
 
REVIEW OF LITERATURE 
Introduction    ….……………………………………………………… 7 
Bone Metabolism and Structure    ……………….……………..….. 8 
Nutritional Effect on Bone    ……………………….…….………….. 9 
Effect of Activity on Bone Mineral Density    …………………...…. 18 
Muscle Strength and Bone Mineral Density    …………………..… 22 
Diet of Athletes    ………………………………………….…………. 24 
Menstrual Status and Bone Mineral Density    ……………….…… 27 
Nutritional Assessment    ……………………………………...……. 31 
Summary    ………………………………………………………...…. 36 
 
METHODS   ………………………………………………………………….. 38 
 
RESULTS   ………………………………………………..………….….…… 44 
 
DISCUSSION   ………………………………………….………………….… 53 
 
APPLICATIONS   ………………………………………………………………  61 
 
REFERENCES   …………………………….………………………………… 62 
 
APPENDIX A: Subject Screening Form    ……………………………...….. 71 
 
APPENDIX B: IRB Approval, Women’s Hospital Foundation    …..…….. 74 
 
APPENDIX C: IRB Approval, LSU Ag Center     ..………………….….…. 76 
 
APPENDIX D: Informed Consent ………..….……………………..………. 78 
 
APPENDIX E: Food and Supplement Record Form    ...………….…...…. 83 
 
APPENDIX F: Exercise Training Record Form    ..………………………… 109 
 
 iv 
APPENDIX G: Past Calcium Intake Estimate Form    ..…………………… 111 
 
APPENDIX H: Medical History Form    .…………………………………….. 113 
 
APPENDIX  I: The Human Skeleton    .…………………………………..… 128 
 
VITA    .……………………………………………………………………….… 129 
 v 
 
LIST OF TABLES 
Table 1: Recommended Dietary Allowance/Dietary  
   Reference Intakes for females age 19 to 30……………………….…….43 
 
Table 2: Mean ± standard deviation subject profile by group..……………….…..45 
 
Table 3: Mean ± standard deviation comparison by  
   group for nutrient parameters……………………………………………...47 
 
Table 4: Mean ± standard deviation past calcium Intake 
    by group, mg/day………………………………………………….………..51 
 
Table 5:  Mean ± standard deviation comparison of bone 





















The purpose of this pilot study was to determine if there was a relationship 
between dietary/supplemental intake and competitive activity (swimming and 
gymnastics), on the bone mineral density of 18-21 year old females. Five 
swimmers, 4 gymnasts, and 12 control subjects were recruited from the 
university student body. All subjects completed a 3-day diet/supplement record, 
3-day activity record, past calcium intake form, and a medical history form. Bone 
mineral density (BMD) was measured for the whole body, L1-L4, the proximal 
femur and body composition by DEXA. Results indicated the control subjects 
reported a significantly greater percent of the RDA for energy, protein, and 
carbohydrate than the athletic groups. There were no differences found for bone 
building nutrients among the three groups. No correlations could be made 
between diet/supplement intake and BMD. Gymnasts initiated training at an 
earlier age than swimmers, and were found to be shorter and experience delayed 
menarche than other groups. Gymnasts had significantly greater whole body 
BMD than the control subjects, but not significantly greater than the swimmers. 
Gymnasts also had greater BMD at all sites measured, and significantly greater 
than the control subjects at the spine L1-L4, and femoral neck. Gymnasts had 
significantly greater BMD at the femoral neck and total hip than the swimmers. 
Though not significant, the swimmers had greater BMD at whole body, and spine 
L1-L4 than the control subjects. As in similar studies, the greater BMD found in 
the gymnasts can be attributed to their weight-bearing exercise. Due to small 
sample size, conclusions concerning the benefit of swimming on BMD cannot be 




Amenorrhea: 0 to 2 menstrual cycles per year with none in the past six months 
(1,2). 
 
Body Composition: the ratio of lean body mass (muscle, bone, and organs) to 
body fat mass (3).  
 
Body Mass Index (BMI): an index of a person’s weight in relation to height, 
determined by dividing the weight (in kilograms) by the square of the height (in 
meters). A definition of the level of adiposity. Overweight is defined by BMI 25 to 
30kg/m2; obesity by BMI > 30kg/m2; underweight BMI < 20kg/m2 (4). 
 
Bone Mineral Content (BMC): bone mass expressed as mineral per cm of bone; 
used to assess amount of bone accumulation prior to cessation of growth (4). 
 
Bone mineral density (BMD): the compactness of bone; mass of bone per unit 
area, g/cm2; used to assess bone post development; most accurately measured 
with DEXA (4). 
 
Bone Modeling: process by which bone grows in size and length (4). 
 
Bone Remodeling : continuous process of breaking down and reforming bone in 
effort to repair self, grow and adapt, furnish calcium for other body needs (4). 
 
Calcaneus: the largest of the tarsal bone, situated at the lower and back part of 
the foot forming the heel (5). 
 
Canaliculi: in bone, channels that run through the calcified matrix (5). 
   
Competitive athletes: athletes who play and compete for their college team and 
are involved in a defined athletic training program. 
 
Cortical bone: the hard dense outer coat of bone (4). 
Distal radius: the largest portion of the radius, the wrist (5). 
 
Dual-energy X-ray absorptiometry (DEXA): measures bone mineral content and 
density and body composition; the most sensitive and most error free 
measurement of BMD (6). 
 
Eumenorrhea: normal menses, 10 or more menstrual cycles per year (1). 
 
Oligomenorrhea: 3 to 6 menstrual cycles per year, at intervals greater than 36 
days (1). 
 
Osteoblast: bone cells that form new bone (4). 
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Osteoclast: bone cells responsible for removal of bone tissue; resorption (4). 
 
Osteopenia: too little bone mass at any stage of life (4). 
 
Osteoporosis: loss of bone mass to the point that bone is porous and fragile such 
that it can not withstand ordinary strains without injury (4). 
 
Patella:  the knee cap (5). 
 
Peak bone mass: the greatest amount of bone accumulated; occurs by 
approximately 30 years of age (4). 
 
Proximal tibia: the upper part of the large bone between the knee and foot (5). 
 
Reliability: reproducibility; precision. 
 
Sedentary controls : subjects who exercise less than 1.5 hours per week. 
 
Trabecular bone: spongy looking bone, interior meshwork of bone in the knobby 
ends of long bone, hip, pelvis and in vertebrae; loses mineral more easily than 
cortical bone (4). 
 
Validity: truth, instrument measures what it claims it measures; accuracy. 
 
Ward’s triangle: area where the femur head articulates with the hip (5). 
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RATIONALE FOR STUDY 
 Today there is a growing awareness of health, nutrition, and prevention of 
disease in our society, especially among women. Women’s health issues are 
becoming mainstream topics in the media. Movements to find cures, improve 
treatments, and promote prevention are prevalent in many areas including breast 
cancer, heart disease, Alzheimer’s, and osteoporosis. Osteoporosis is a major 
health concern. It is the most common bone disease affecting over eight million 
women in the United States (7). This pilot study will address the prevention of 
osteoporosis in women. 
 Osteoporosis is the structural deterioration of bone tissue (7). Extensive 
loss of bone mass causes porous, fragile bones that are more susceptible to 
fracture with minimal trauma. Though bone loss is a normal process of aging, in 
osteoporosis, bone loss is so great that bones are unable to withstand minimal 
trauma without breaking (8). Osteoporosis is a disease associated with high 
morbidity and mortality rates (9). Only 25% of women over the age of 45 years 
who sustain a hip fracture are able to regain pre-fracture mobility (8). It has been 
noted that 70% of women over 70 years who fracture a hip and are placed in a 
nursing home for after care die within one year; 45% who return home die within 
two years.  
 Ten million Americans have osteoporosis (7). Yearly, there are 1.5 million 
osteoporotic fractures costing over 13.8 billion dollars. The cost of osteoporosis 
is increasing 10% every year (9). It is predicted that one out of two women and 
one out of eight men over the age of fifty will suffer an osteoporotic fracture in 
their lifetime (7). 
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 Though most prevalent in postmenopausal, Caucasian women, 
osteoporosis affects all populations including men, women, and children of all 
races (10). Osteoporosis affects four times as many women as men (7). Women 
are more susceptible to this disease because they accrue less bone mass than 
men and lose bone mass more rapidly than men. Risk factors associated with 
osteoporosis include: having a small skeletal frame, advanced age, family 
history, menopause, amenorrhea, anorexia or bulimia nervosa, diet low in 
calcium, use of long term corticosteroids and anticonvulsant medications, low 
testosterone or estrogen levels, inactive lifestyle, smoking, excessive alcohol 
use, Caucasian or Asian ethnicity (7).  
 As the aging population grows, there is a real need to maintain health and 
independence. Osteoporosis-related fractures can be debilitating. Treatments of 
osteoporosis have a limited effect on increasing BMD (11). Current treatments 
include physical therapy, hormone replacement, supplemental calcium, vitamin 
D, and other medications. Physical therapy in the form of weight bearing exercise 
such as weight lifting has a stimulating effect on bone growth and helps improve 
balance and coordination, which help to diminish the risk of fracture from falls. 
Estrogen replacement therapy is most effective if used during the first 5 to 15 
years after menopause but can still be beneficial even if started later (4). 
Estrogen replacement therapy paired with calcium supplementation has been 
noted to improve BMD. However the risk of uterine and breast cancer associated 
with estrogen replacement therapy restricts its use.  Selective estrogen 
replacement modulators, SERMs, are a group of drugs that positively affect 
estrogen receptors on bone tissue, helping to minimize bone loss, without the 
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harmful effect on reproductive tissues.  Bisphosphonates act on osteoclasts to 
reduce resorptive activity. Calcitonin therapy inhibits bone resorption by blocking 
the stimulatory effects of parathyroid hormone.   
 Maximum bone mass at skeletal maturity is the best protection against 
osteoporosis (11). Thus prevention efforts should focus on maximizing 
attainment of peak bone mass in young adults and maintenance of bone mass 
throughout life. 
Statement of the Problem 
Since peak bone mass is reached in the third decade of life, and greater 
than 90% of peak bone mass is normally achievable by the age of 18 years, it is 
critical that we examine the influence of modifiable factors at such a crucial time 
for prevention of osteoporosis (4,12-18). The purpose of this pilot study is to 
determine if there is a relationship between dietary and supplement intake and 
competitive swimming/gymnastics on BMD in young female athletes. 
Objectives 
1. To recruit 12 female, student, athletes, age 18 to 21, participating in 
competitive swimming/gymnastics, at Louisiana State University. (12 non-
athletic control subjects were previously recruited and assessed) 
2. To determine bone mineral content and density, body composition, activity, 
diet, and supplement use for all subjects.  
3. To estimate age of onset of physical activity and past calcium intake by 
group. 
4. To assess nutrient intake in all groups and to identify differences among 
groups. 
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5. To determine if differences in bone mineral density among groups are 
associated with physical activity, body composition, diet and supplement 
intake. 
6. To determine if bone mineral density of the left proximal femur (hip) and the 
spine differ with type and amount of physical activity of all subjects. 
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REVIEW OF LITERATURE 
Introduction 
The key to osteoporosis prevention is maximal accrual of peak bone mass 
(11,14,19). Most of the skeletal mass is accrued during the first twenty years of 
life (20). Because peak bone mass is achieved at such a young age this study 
will examine the influence of modifiable factors (diet and exercise) on bone 
mineral density in young women, age 18 to 21 years.  
 The rate of bone accrual during puberty is second only to the rapid 
accumulation of bone that occurs in-utero (21). Up to 60% of bone mass is 
achieved during adolescence (7). Bone growth is nearly complete by the age of 
18, with greater than 90% of peak bone mass (7,22). In girls, approximately one 
third of their total skeletal mineral is accumulated in the three to four years 
following onset of puberty. It has been shown that by the age of sixteen years 
that daughters have accumulated 90 to 97% of their premenopausal mothers’ 
bone mass (11). The skeleton will reach full size and density in the first three 
decades of life; generally peak bone mass is achieved between the age of 18 
and 30 years (11,23).  
 Though there are several factors that influence attainment of peak bone 
mass and maintenance of bone mineral density throughout life, genetics is the 
most heavily weighted factor (7,24). Unchangeable factors including gender and 
race are responsible for as much as 80% of bone mass. African American 
women achieve greater bone density than Caucasian and Asian women (7). Men 
achieve greater bone mass than women, because their skeletal frame is larger 
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and bones are more dense. Due to a decline of female sex hormone at 
menopause, women experience greater bone loss than do men.  
Bone Metabolism and Structure 
There are two types of bone, cortical and trabecular. Cortical bone is the 
strong, dense outer coat of bone (8,15). Trabecular bone forms the interior 
meshwork of bone. Also known as “spongy bone,” because of its scaffolding 
appearance. It is found in the ends of bone, at the hip, pelvis, and in vertebrae. 
Trabecular bone is composed of thin hard plates called trabeculae. Trabeculae 
align along lines of stress giving strength to bone. Nutrients pass through the 
canaliculi from the marrow to reach the trabeculae osteoclastes, where calcium 
and phosphate crystals are stored (5). Development of trabeculae is dependent 
on adequate dietary calcium intake. Sub-optimal calcium intake and the 
occurrence of osteoporosis affect trabecular bone, causing trabeculae to become 
thinner, more porous and to lose strength (5,8). Trabecular bone loses mineral 
mass more readily than cortical bone. 
 Bone is a dynamic tissue. Building, resorbing and rebuilding continues 
throughout life. Osteoclasts remove bone matrix and are responsible for bone 
resorption (5). When bone is resorbed, the calcium and phosphorus are resorbed 
into the blood. Osteoblasts follow osteoclasts and rebuild bone. Osteoblast 
activity is stimulated by stress applied to bone. 
 During childhood and adolescence, building occurs at a rate greater than 
resorption resulting in accumulation of greater bone mass and increasing bone 
strength (8). In the third decade of life after peak bone mass is achieved, 
resorption and rebuilding known as bone remodeling, occur at similar rates 
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allowing maintenance of bone mass. With the persistence of inadequate calcium 
intake and inactivity, bone-building decreases and resorption increases in an 
effort to maintain serum calcium levels (5). At menopause, due to a decrease in 
estrogen, resorption increases to a rate of 3% per year (23). During the 5 to 10 
years following menopause women may lose as much as 20% of their bone 
mass. Without intervention measures, this type of loss can lead to osteoporosis. 
Nutritional Effect on Bone 
 Although bone mass achieved by early adulthood is essentially the 
consequence of bone mineral achieved during growth, the additional gain in bone 
mass that may potentially occur is likely to be dependent on lifestyle factors 
practiced during young adulthood (14). Modifiable factors, such as exercise, 
nutrition and hormones, play an important role in acquiring and maintaining peak 
bone mass (24,25). Bone depends on many factors including diet for 
development. Diet provides the body with bone-building minerals and energy to 
carry out bone building activities. Nutrients important to bone health are calcium, 
vitamin D, phosphorus, protein, vitamin K, and magnesium. Intake of excess 
dietary sodium could affect bone. 
Calcium is the most recognized bone building nutrient, and for a good 
reason. It is the nutrient most important for attaining peak bone mass and for 
preventing and treating osteoporosis (16). Calcium intake is associated with bone 
mass in childhood, adolescence, and adulthood (26). There are approximately 
1300g of calcium in the adult human body, 99% of which is in bone and teeth, 
where it contributes to the structure of bone and serves as a reservoir to maintain 
normal serum calcium levels between 8.8 – 10.0mg/dl, (2.2 – 2.5 mmol/L) (12). 
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The other one- percent is in the blood and cells. It is utilized in muscle 
contractions, nerve impulse transmissions, maintenance of cell membranes, and 
acts as a cofactor for several enzymes.  
Calcium homeostasis is controlled by three interrelated pathways that 
balance calcium absorption, excretion and ionic concentration (12). These 
pathways are regulated by parathyroid hormone (PTH) and calcitonin, and 
involve bone, intestine and the kidneys. A drop in ionized serum calcium levels 
signal an increase in PTH and a decrease in calcitonin, resulting in increased 
bone resorption of calcium, increased urinary excretion of phosphorus, 
decreased serum phosphorus, an increase in 1a,25(OH)2D3, decreased renal 
excretion of calcium and an increase in intestinal absorption of calcium. 
Conversely an increase in ionized serum calcium initiates a drop in PTH 
secretion and an increase in calcitonin resulting in decreased bone resorption, 
decreased urinary excretion of phosphorus, increased serum phosphorus, 
decreased 1a,25(OH)2D3, decreased intestinal absorption of calcium and an 
increase in renal calcium excretion.  
Furthermore, absorption of dietary calcium is influenced by the amount of 
calcium in the diet and calcium excretion can be increased by excess dietary 
protein, sodium, caffeine, smoking, alcohol, and bed rest (14,27,28). Fiber, 
phytate, and oxalate are among the dietary components that can inhibit calcium 
absorption (29). Dietary fiber can chelate calcium in the gastrointestinal tract 
affecting absorption. Phytate and oxalate, commonly found in cereal grain husk, 
spinach, and legumes bind with calcium and other minerals inhibiting their 
absorption (12,29). 
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 Calcium balance studies have shown that skeletal modeling varies in 
intensity with changes in rate of growth, as does calcium metabolism (30). 
Because of rapid growth rates and intensive bone formation the demand for 
calcium is high during infancy and adolescence. Calcium deficiency during this 
period could influence potential height and peak bone mass.  In order to meet the 
increased requirements for growth, infants and adolescents have higher calcium 
absorption. The amount of calcium required to attain peak bone mass and 
density is unknown, but it is understood that sufficient positive calcium balance is 
needed to insure increase in skeletal mass.  
 Because adolescence is a critical time of growth and calcium is a 
contributor to bone, the declining dietary intake of calcium in teen girls is an 
important point of study (10,16).  Matkovic reported on a two-year intervention 
study with calcium supplementation in adolescent females and found calcium 
intake to be the main determinant of calcium balance (11). Increased calcium 
intake yielded increased net absorption without a change in urinary calcium 
excretion. The study with 31 adolescent girls suggested that inadequate calcium 
may lead to poor calcium retention and reduction in peak bone mass. Girls who 
received four 250mg calcium supplements per day (total calcium intake from diet 
and supplements equal 1640mg) had a more notable increase in bone mass over 
time than the control group (750mg calcium). 
 The current dietary recommendations for calcium suggest an adequate 
intake for 9 to 18 year old girls is 1300mg, and 1000mg for 19 to 50 year old 
women (31). Using the factorial method that sums calcium accretion and 
endogenous losses modified by fractional absorption, Weaver concluded that 
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estimated calcium requirements for girls ages 6 to 16 years exceed the current 
RDA by 677mg and calcium intake for adolescents in the US by 1123mg (30). 
Matkovic suggests the RDA for calcium should be higher for children, 
adolescents, and young adults to insure sufficient calcium for maximum peak 
bone mass and skeletal retention (11,16,32).  
 It has been suggested that perhaps 1800mg of calcium per day is 
necessary to meet the needs of bone development during adolescence and 
could help in attainment of peak bone mass (11). Andon, Lloyd, and Matkovic 
conclude that 1450mg of calcium a day during adolescence is needed to support 
optimal bone growth and development (32). Higher intake of calcium is 
associated with overall higher calcium retention and retention in children and 
adolescents represents skeletal retention (16).  
 Despite recommendations, actual calcium intake falls short in adolescent 
females (10,11,16,24,26,33). As few as 10% of girls age 9 to 17 years meet the 
recommended intake of calcium (10). Two reasons for such low calcium intake 
among teens are an increased awareness of fat and consequential restriction of 
dairy products and an increase in consumption of low calcium beverages such as 
soda. Matkovic reported that 29% of the 31, 14-year-old girls in his study 
consumed less than 850mg calcium per day as determined by pre-study 3 day 
food records (11). Kirchner reported that 69% (18/26) of the gymnasts and 62% 
(16/26) of the controls in his study consumed less than two thirds of the RDA for 
calcium (25). The majority of women in the US have an average calcium intake of 
475mg to 575mg a day (8). In addition to less calcium, gymnasts in Kirchner’s 
study consumed fewer calories than the control group, indicating that intake of 
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calcium was less because the overall dietary consumption was less (25). This 
may be seen in many female athletes consuming fewer calories. 
 Past calcium intake is also important. In a study reported by Sasakl, 635 
junior and senior high school students measured with DEXA and 2,878 
measured with ultrasound, completed a questionnaire about past and present 
diet, sport activity, family history and menses (34). Sasaki found that the osteo 
sono assessment index (a parameter derived from bone measurement made by 
the Acoustic Osteo-Screener) was significantly higher in those who regularly 
participated in sports. Students who presently or previously consumed milk on a 
daily basis compared with those who consumed little or no milk also had higher 
scores correlating to greater bone density. 
 The role of calcium in adults is less dominating. Michaelsson assessed 
175 women age 28 to 74 years using a semiquantitative food frequency 
questionnaire and four 1 week diet records (35). BMD was measured with DEXA, 
and serum concentration of osteocalcin, an osteoblast specific protein reflecting 
bone turnover, was measured with radioimmunoassay. Michaelsson found no 
association between dietary calcium intake and site specific bone mass. 
However, it has been suggested that post-menopausal women increase calcium 
intake to 1500mg per day to maintain calcium balance (8). 
 Vitamin D3 from skin synthesis or diet is converted in the liver to 25(OH)D3 
and then is activated in the kidney to 1a,25(OH)2D3, a steroid hormone also 
known as calcitriol (4). Calcitrol functions as a hormone classically targeting the 
intestine and bone. In its active hormone form, vitamin D plays an important role 
in regulating calcium metabolism. Calcitriol works in conjunction with PTH to 
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mobilize calcium from the bone and to increase renal resorption of calcium and 
phosphorus. Increased levels of calcitriol in response to lower serum calcium 
increase calcium absorption from the gut. 
 Phosphorus is an important component of bone. Eighty-six percent of 
phosphorus in the body is found as hydroxyapatite, the major structural part of 
bone (12). Phosphorus is abundantly available in the diet. Calcium and 
phosphorus are needed in proportional amounts for bone mineralization to occur. 
Dietary phosphorus intake is proportionally related to serum phosphorus and 
urinary excretion of phosphorus. High phosphorus intake will alter the calcium 
phosphorus ratio and stimulate parathyroid hormone. Thus increased 
phosphorus in the diet causes increased urinary calcium excretion (14). Metz 
found intake of protein and phosphorus greater than the recommended amount 
to be negatively associated with radial BMD and BMC in 38, 24 to 28 year old, 
Caucasian, females (14). Conversely, Grimm found no significant changes in 
bone resorption markers following a 6-week high phosphorus supplementation 
(36).   
 Protein too, is an important nutrient in bone metabolism. One third of bone 
mass is made up of protein (37). Protein is the body’s primary building structure. 
Dietary protein’s essential amino acids are the foundation of and are necessary 
for synthesis of new bone matrix. Bone is a protein dense structure. It is well 
recognized that protein energy malnutrition stunts bone growth. But in a normal 
diet protein foods provide nutrients essential to bone growth and aid healing of 
bone fracture.  
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 The positive attributes of protein are not in question; however, its potential 
harm may be of concern. As with any nutrient, too much protein can have 
detrimental effects on bone when consumed in disproportionate amounts. High 
protein intake causes a high acid load due to oxidation of sulfur-containing amino 
acids and inorganic ions associated with meat (37,38,39). The bone is a large 
buffer system armed with ions ready for exchange. This elevated acid load 
causes an increase in bone resorption and urinary calcium excretion. A diet that 
has alkali components such as fruits, vegetables and calcium rich foods, such as 
a plant based diet, help to neutralize the effect of the acid load caused by protein, 
thus protecting bone (39). Relying primarily on calcium to buffer the acid load 
created by dietary protein, a calcium to protein ratio of 20:1 mg/g is recommened 
to protect bone. This recommended level is above the observed national average 
of 9.3:1 (37).  
 The kidneys are responsible for diluting the acidity of urine. With age the 
kidneys become less efficient. Because of this, the negative effect of a high 
protein diet may increase with age (39). The present study was conducted with 
young women who consumed a varied diet, thus the calcium to protein ratio may 
not be an evident factor in BMD. Furthermore, there is little epidemiologic 
evidence that a diet rich in protein has higher fracture risk or diminished bone 
mass (12). 
 Dietary salt has been blamed for many medical maladies, including fluid 
retention, hypertension, and cerebrovascular disease. Less known 
consequences of dietary salt, such as increased reactivity of smooth muscle 
have even linked salt intake and asthma. It is not surprising that dietary salt has 
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been identified as a primary determinant of urinary calcium excretion (40). 
Devine studied the influence of urinary sodium excretion and dietary calcium 
intake on bone density of 124 postmenopausal women in a 2 year longitudinal 
study (41). Devine found that urinary sodium and calcium excretion were both 
determinants of bone density loss at the hip and ankle. Because urinary calcium 
excretion increases with sodium intake, it is reasonable that lowering salt intake 
could have a protective effect on bone. Americans typically consume 2 to 3 times 
the RDA for sodium (41). Devine suggests that a modest reduction in dietary salt 
would have an equivalent effect on bone as a 900mg increase in calcium intake. 
 McParland investigated the effects of salt intake, 70 and 170 mmol/day, 
on bone resorption markers (42). Ten subjects, mean age 66.8 consumed low 
salt diets plus a salt supplement for 10 days, calcium intake was held constant. 
During salt supplementation, urinary sodium and calcium rose, as did 
hydroxyproline and PTH concentration, as indicated by increased urinary cyclic 
AMP excretion. These findings indicate that bone resorption increases in 
response to dietary salt intake. 
Our knowledge of Vitamin K is evolving as we learn it is important in bone 
function. It is well know that vitamin K is involved in blood coagulation. Its role in 
bone metabolism and carboxylation of osteoblastic bone proteins is still being 
investigated. Non-collagenous bone matrix protein, osteocalcin, is required in its 
fully carboxylated form for normal bone formation (43). Inadequate vitamin K 
levels are associated with under-carboxylation of osteoblastic bone proteins. It 
has been noted that postmenopusal women with bone resorption have under-
carboxylation of osteocalcin (44). Hip fracture in aged women is also correlated 
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with an increase in under-carboxylated osteocalcin (45). Furthermore, a rise in 
under-carboxylated osteocalcin is inversely correlated with BMD. 
Supplementation of vitamin K in these women caused an increase in bone 
formation markers. It is too soon to conclude if vitamin K supplementation will 
reduce bone loss in postmenopausal women (44). 
 A similar loss of carboxylation is seen with warfarin therapy, an 
anticoagulant (43). A study examining the relationship between BMD and 
warfarin therapy found consistently lower BMD in subjects taking warfarin than 
matched control subjects, suggesting an impairment in vitamin K metabolism in 
elderly may impair carboxylation of osteocalcin resulting in bone loss. 
 In an intervention study among eight female athletes, four of whom were 
amenorrheic and four were on oral birth control, all subjects received 10mg 
vitamin K supplement per day for one month (46). Bone markers were measured 
before and after treatment. Vitamin K supplementation in all subjects was 
associated with an increase in calcium binding capacity of osteocalcin. In the 
amenorrheic athletes the vitamin K induced a 15 to 20 % increase in bone 
formation markers and a 20 to 25% decrease of bone resorption markers. 
 Results from a prospective analysis of the Nurses’ Health Study Cohort 
revealed a negative correlation between vitamin K intake and risk of hip fracture 
(47). Women whose consumption of vitamin K fell within the lowest quintile had 
the highest risk of hip fracture. Risk for fracture was also inversely related to 
intake of lettuce, the leading dietary contributor of vitamin K.  
 Magnesium is an important mineral. It is essential in many fundamental 
cellular reactions (12). The majority, 60-65%, of the magnesium in the body is in 
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bone. Magnesium can bind to calcium binding sites causing muscle weakness 
and inhibiting clotting of blood. Moreover, PTH is magnesium dependent. 
Consequently magnesium has an effect on regulation of blood calcium levels. 
Effect of Activity on Bone Mineral Density 
 The benefits of exercise on bone mineral density have been documented 
in the literature. Numerous cases have documented either an increase in BMD or 
a decrease in bone mineral loss with exercise. Most of these reports have shown 
the benefit of weight-bearing exercise. However, the effects of nonweight-bearing 
exercise are less evident. Weight-bearing exercise enhances bone mineralization 
through mechanical forces such as gravity and muscle contractions that stress 
the bone initiating bone growth (8). Physically active people have greater bone 
mass than sedentary people (13). Athletes have greater BMD in bones that are 
adequately stressed by their sport. Tennis players exhibit greater bone density in 
their dominant arm than in their non-dominant arm. In contrast, a lack of weight-
bearing activity, such that occurs during immobility, bed rest, or weightlessness 
results in bone loss. Bone loss is evident in astronauts after just a few days in 
space (48). Bone atrophy is also evident in limbs that have been immobilized in a 
cast for a few weeks (4). 
In a study reported by Emslander, female college athletes participating in 
weight-bearing exercise (21 running) had significantly greater total body BMD 
and femoral neck BMD, as measured by DEXA, than athletes participating in 
nonweight-bearing exercise (22 swimming) and 20 control subjects (20). 
Emslander found swimming had no effect on BMD. Etherington reported in a 
study of ex-elite athletes that the benefits of exercise persist after cessation of 
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sporting activity (49). Etherington found greater BMD of lumbar spine and 
femoral neck in ex-athletes (67 mid and long distance runners and 16 tennis 
players) than in age-matched controls, as measured using DEXA. This study 
helps confirm the idea that long-term weight bearing exercise is an important 
factor in regulating bone mass and fracture prevention. After comparing BMD of 
8 college female volleyball players, 13 gymnasts, 7 swimmers and 17 controls, 
Fehling concluded that impact loading sports (volleyball and gymnastics) have a 
greater effect on BMD at the lumbar spine, femoral neck, ward’s triangle, and 
total body than active loading sports (swimming) and controls (50).   
 In a study examining lumbar spine, femoral neck, distal femur, patella, 
proximal tibia, calcaneus, and distal radius with DEXA in 59 competitive, Finnish, 
female athletes (aerobic dancers, squash players, and speed skaters), Heinonen 
supported the theory that the intensity of the load is more important than the 
duration of the stimulus (51). It is likely that the forces generated by running are 
lower than those to which gymnasts are subjected. As indicated by Robinson, 
runners were found to have lower BMD than gymnasts and controls at regional 
and whole body sites (1). Robinson’s study measured BMD of the femoral neck, 
lumbar spine (L2-L4), and whole body by DEXA in 21 gymnasts, 20 runners, and 
19 non-athletic college women. In a study examining loading patterns on BMD, 
using DEXA, Taaffe assessed BMD of the lumbar spine, femoral neck, 
trochanter, and whole body in 13 gymnasts, 26 swimmers, and 26 non-athletic 
control subjects (52). Taaffe reported that among eumenorrheic athletes, 
gymnasts had higher spine, femoral neck and trochanter BMD than either 
swimmers or subjects in the control group.  
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 Orwoll reported greater BMD at both the radial and vertebral sites in male 
swimmers compared to age matched nonexercise subjects (53). Orwoll’s study 
examined the relationship of swimming and bone mass in older men and women 
age 40 to 85. Fifty-eight male and 41 female swimmers were compared to 78 and 
41 nonexercising, normal, age matched men and women respectfully. All 
swimmers swam at least 3 hours a week and had been doing so for a minimum 
of 3 years. Despite the positive finding in male swimmers, Orwoll found no 
association between swimming and BMD in women. The purpose of Orwoll’s 
study was not to show that swimming has as beneficial effect on bone as weight-
bearing sports, but to put forth evidence that swimming has a beneficial effect on 
bone content at all. 
 Despite limited success in humans, swimming has been shown to have a 
beneficial effect on bones in the rat model. Swissa-Sivan swam 30, 5-week-old 
female, Sabra rats, one hour a day, five days a week, for 20 weeks (54). Twenty 
of the rats swam carrying a lead tail weight equal to 1% of the body weight, the 
other 10 rats swam load free. Comparisons were made against 10 sedentary 
rats. The rats that swam, irrelevant of load, had higher bone weight by 19%, 
bone volume by 11%, bone density by 7%, and bone mineral content by 15% 
than sedentary rats.  
 Hegsted showed swimming to prevent postmenopausal bone loss in the 
rat model (55,56). Nine-month-old, Sprague Dawley, retired breeder rats 
underwent either ovariectomy or sham surgery and were assigned to either 
swimming exercise or no exercise (55). Rats in the swimming group swam 1 hour 
a day, five days a week. After 5 weeks some of the rats were sacrificed, the 
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remaining rats continued the study for an additional 3 weeks. At 5 weeks 
ovariectomized swam rats had greater bone density than did the ovariectomized 
sedentary rats but not the sham sedentary rats. At 8 weeks the ovariectomized 
swam rats had greater bone density than the ovariectomized sedentary rats. The 
ovariectomized rats that swam for the first 5 weeks and were sedentary the last 3 
weeks had greater bone density than the ovariectomized rats that were 
sedentary the entire 8 weeks, but their bone density was not as good as the 
ovariectomized rats that swam the entire 8 weeks. In another study by Hegsted, 
ovariectomized and sham operated rats were divided into swimming exercise 
and no exercise treatment groups (56). The swimming treatment progressed 
from 5 minutes a day to 75 minutes a day, 5 days a week for 9 weeks. The rats 
that swam weighted less and consumed less regardless of their hormonal status. 
Swimming increased the protein intake of the sham operated rats but not the 
ovariectomized rats. Swimming increased femur bone density by 3.5% in the 
ovariectomized rats and by 3.6% in the sham operated rats.   In both studies, 
swimming completely compensated for bone loss caused by ovariectomy in the 
rat model, indicating that swimming may yet prove beneficial to postmenopausal 
women. 
 It is important to note that competitive swimming is associated with 
improved endurance, maximum oxygen consumption, and muscle strength, all of 
which have been linked with bone density. Swimming does apply mechanical 
stress to the skeleton, but the resistance does not have as great an effect as 
weight-bearing sports. 
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Muscle strength and Bone Mineral Density 
 
 Muscle strength is significantly correlated with bone mass (57). Local 
muscle strength in women appears to be a stronger predictor of BMD than 
general physical fitness (58). Tsuji measured grip strength with a hand held 
dynamometer and radial BMD with DEXA in young athletes who had not yet 
experienced age related bone loss, finding significant positive correlation 
between radial BMD and grip strength in the dominant forearm in 10 male college 
wrestlers, 15 female college basketball players and 12 female tennis players 
(57). In a study designed to assess the effect of resistance exercise on regional 
and total bone mineral density in premenopausal women age 28 to 39 years, 22 
exercise and 34 control subjects completed the 18 month study (59). By 
assessing muscular strength using one repetition maximum (the maximum 
amount of weight that can be lifted only once with failure to lift that load 
thereafter) of ten different weight lifting exercises and peak torque, Lohman 
found BMD increased significantly above baseline for lumbar spine of the 
exercise group at five, twelve and eighteen months over control subjects. Also, 
femur and trochanter BMD increased at twelve and eighteen months but not at 
five months in the exercise group. 
 Of the 68 premenopausal women, age 23 to 43 years participating in a 
controlled 12 month exercise program, Gleeson noted that the weight lifting 
group had a non-significant increase in mean lumbar BMD of 0.81% and the 
control group had a non-significant loss of 0.5% (19). The difference between 
groups is important, especially considering the average decrease in BMD of 
0.3% per year between the ages of 20 and 49 years and in particularly the 
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average 1.32% loss per year of lumbar spine in premenopausal women. It 
appears that exercise may have the greatest potential positive effect in the 20 to 
35 year age group. As noted, weight-bearing exercise across the life span helps 
achieve and maintain peak bone mass and reduce age related bone loss.  
 Brooks and Howat reported a case study of a 41-year-old Caucasian 
woman with a history of anorexia nervosa and amenorrhea (60). Prior to the 
study the subject’s BMD was measured using DEXA and was found to be poor, 
with significant loss of the lumbar spine, femoral neck, and total proximal femur. 
Over the course of one year the subject participated in resistance training 3 days 
a week and high impact exercise in the form of two legged jumps on a hard 
surface with bent knees. Resistance training progressed from 50 to 80% of one 
repetition maximum. The subject was also asked to take 800 mg elemental 
calcium each day. Nutrition counseling was provided during the 12-month study.  
Along with an increase in strength the subject had a significant increase in BMD 
of the proximal femur, including the trochanter (9.4%), intertrochanteric region 
(4.9%), and total femur (4.6%). However, there was not a significant change in 
BMD of the lumbar spine or femoral neck. 
Exercise also helps maintain muscle strength, balance and coordination 
which act together to reduce the risk of osteoporosis fracture (9). Types of 
endurance exercises that improve cardiovascular health are not necessarily 
optimal exercises for bone health. Principles of bone exercises as described by 
the American College of Sports Medicine state that effects of exercise are 
localized, only loaded sites respond; training must exceed normal loading 
experienced in everyday activities, and the stimulus must increase progressively 
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as bone responds; benefit of training is limited by a genetic ceiling on BMD 
potential. 
Diets of Athletes 
 Diet and nutrition pose a powerful influence on growth and development. 
Among middle and upper class adolescents in the US, nutritional growth 
retardation is primarily due to self-induced restriction of nutrient intake and can 
lead to osteoporosis (22). Even restrictive eating behaviors that do not meet the 
diagnostic criteria for anorexia nervosa or bulimia nervosa have consequence on 
athletic performance. Restricted calorie intake and associated fluid and 
electrolyte imbalance can cause decline in endurance, strength, reaction time, 
speed and concentration. Most athletes practice disordered eating to a lesser 
degree and most do not meet diagnostic criteria for anorexia or bulimia nervosa 
(23). One study has estimated the prevalence of disordered eating among female 
athletes to be as high as 62% in some sports (23). Known as the female athlete 
triad, disordered eating, amenorrhea and osteoporosis are three serious, 
interrelated conditions that affect bone health. This harmful cycle can lead to 
irreversible bone loss, serious psychological and medical complications. 
 As seen in adolescents, the societal pressure to be thin has resulted in 
preoccupation with dieting in adults. A study by Van Loan examined the 
relationship between cognitive eating restraint (CER), the intent to limit food 
intake to prevent weight gain or to lose weight, and BMD and bone mineral 
content (BMC) (61). One hundred eighty-five women age 18 to 45 years, 90 to 
150% ideal body weight completed the study. Subjects completed questionnaires 
on physical activity, weight history, body size satisfaction, dieting history, eating 
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behavior, and childbearing history. Subjects were also measured for BMC and 
BMD using Lunar dual-energy x-ray absorptiometry. Van Loan found significantly 
lower BMC in premenopausal women with high CER scores and body weights 
less than 71kg than those with high CER scores and weights greater then 71kg. 
No differences in BMD were observed. 
 The National Collegiate Athletic Association study, reported by Johnson, 
regarding the prevalence of disordered eating among student athletes surveyed 
1,445 student athletes from 11 Division 1 schools (15). The results show that 
9.2% of the female athletes were identified as having clinically significant 
problems with bulimia, 2.85% were identified as having clinically significant 
problems with anorexia nervosa, 10% of the female athletes reported binge 
eating at least once a week, and 5.52% reported purging behavior on a weekly or 
greater basis.  
Perron collected a 24-hour recall and a 48-hour food record along with a 
self-administered knowledge and attitude questionnaire from 31 student athle tes 
between the ages of 13 and 17 (62). Perron found that the girls’ intake of calcium 
and iron was less than 67% of the allowances. The mean calorie intake was also 
less than the recommended level and may have been insufficient for girls 
participating in sports. Furthermore, Perron reported that nutrition knowledge and 
positive attitudes toward nutrition were positively correlated in teenage girls, but 
there was no correlation between nutrition knowledge or attitude and dietary 
intake. These results suggest that issues such as concern for weight and 
dependence upon others for food selection influence the subjects’ food practices.  
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The dietary practices of young athletes often fail to meet the energy 
requirements associated with sport participation (63-65). The energy and nutrient 
requirements for strength and endurance athletes are often greater than their 
nonathlete counterpart. While their needs are greater, many athletes fail to meet 
even the RDA due to tight schedules, restrictive eating habits, nutrition 
misinformation, and poor food choices. Consequently, the young athletes’ well 
being and performance may be compromised. 
Ousley-Pahnke reported on the dietary intake of female collegiate 
swimmers (66), finding little alteration in dietary intake with increase or decline of 
energy expenditure due to changes in training. As with many competitive 
athletes, intensity of training for collegiate swimmers changes with the 
competitive season. Ousley-Pahnke examined swimmers during the taper phase 
of training before a competition; however, even during this time of reduced 
training their intake remained consistent with intakes reported at times of peak 
training. From analysis of 4 -day food records, this study found energy intake to 
be 2,275+665 kcal/day, (63%+5 of kcal coming from carbohydrate, 14%+3 from 
protein, and 23%+5 from fat) and estimated energy expenditure to be 2,341+158 
kcal/day (66). 
The use and knowledge of nutritional supplements by 509 high school 
sport participants and non-participants was examined by Massad (67). The 
survey found that greater knowledge about supplements was associated with 
less use. Krumbach reported that over half of university athletes surveyed 
regularly took supplements, and that the most common supplement was 
multivitamins with minerals (68). Bazzarre reported greater supplement use 
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among both male and female athletes compared to non athletic control subjects, 
100% of female athletes and 51% of male athletes used supplements while none 
of the control subjects used supplements (69). 
Menstrual status and Bone Mineral Density 
 
 Menstrual status influences BMD through interplay of hormones. In 
premenopausal women, amenorrhea has similar effects as menopause. 
Amenorrhea occurs more frequently in female athletes than in the general female 
population (1,23). Amenorrhea is the absence of menstrual bleeding. Exercise-
associated amenorrhea is associated with weight loss, lower body fat, emotional 
stress and physical stress. Athletes who begin training prior to menarche, follow 
intense training schedules, consume low calorie diets and have low body weight 
are at high risk for developing amenorrhea and consequently bone mineral loss. 
These athletes also are more apt to experience delayed menarche compared to 
their young classmates (70,71). Runners, gymnasts, and dancers exhibit the 
highest prevalence of amenorrhea. Oligomenorrhea and amenorrhea have been 
reported as high as 10 to 40% among athletes, and up to 66% in select athlete 
populations, while only 2 to 5% in the general population (22,23).   
 Athletes with exercise-associated amenorrhea have deficient secretion of 
gonadotropin releasing hormone (GnRH) and decreased levels of reproductive 
hormones (23). Loss of estrogen results in decreased calcium absorption and 
increased bone resorption, causing need for greater calcium intake to maintain 
calcium balance.  
 Dhuper studied factors affecting peak bone mass in 43 Caucasian girls 
age 13 to 20 years (72). Dhuper’s subjects included 28 dancers. Researchers 
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calculated an integrated estrogen exposure score over the pubertal years based 
on physiological events known to reflect circulating estrogen levels. BMD was 
measured with single photon absorptiometry. Among the subjects 18 to 20 years, 
girls with the lowest estrogen exposure score had the lowest spine and wrist 
BMD, the lowest current weight, the lowest weight during adolescence, lower 
height to weight ratio, the highest age of menarche, and the highest amount of 
fiber in the diet. Dhuper suggests that there is a significant hormonal effect on 
attainment of peak bone mass density during adolescence. The girls at maturity 
in this study with low estrogen exposure scores had significantly lower BMD at 
the wrist and lower spine than girls with medium and high estrogen scores. 
 Howat reported on the effects of menstrual cycling and activity on BMD in 
a study examining eumenorrheic athletes, oligomenorrheic and amenorrheic 
athletes, and eumenorrheic non-athletic control subjects (73). The subjects were 
Caucasian females age 18 to 26. The athletes included 9 competitive college 
gymnasts and one body builder. Howat found the non-athlete control subjects to 
be younger at the onset of menarche and to have greater body fat than the 
athletes. The eumenorrheic athletes had significantly greater lumbar spine (L1-
L4) BMD than both the eumenorrheic controls and the 
oligomenorrheic/amenorrheic athletes.  There was not a significant difference 
between the BMD of the eumenorrheic controls and the 
oligomenorrheic/amenorrheic athletes. 
Robinson showed a non-significant trend for regularly menstruating 
gymnasts and runners to have only marginally greater BMD than their 
oligomenorrheic and amenorrheic counterparts (1). Lloyd found lower BMD in 
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oligomenorrheic athletes participating on collegiate basketball, track and field, 
and field hockey teams as compared to either eumenorrheic athletes or normal 
control subjects (74). The only significant difference among these groups was 
that oligomenorrheic athletes exercised on more days per week than the 
eumenorrheic athletes, though they spent similar time periods exercising.  
Drinkwater found a significant relationship between current vertebral density of 
women and their past and present menstrual patterns (75). In this four-year study 
of 97 women ages 18 to 38, Drinkwater showed women who had always had 
regular periods had the highest vertebral BMD. Women with infrequent menses 
(3 to 6 periods per year) had 6% less, and women without periods had 17% less 
vertebral BMD.  From this study Drinkwater concluded that extended periods of 
irregular or absent menses may contribute to reduced lumbar bone density.  
 Sex hormone disruption is closely related to training intensity as shown in 
Hetland’s study of 205 premenopausal runners (76). Baseline levels and 
fluctuations of estradiol and progesterone were reduced by 25 to 44% in elite 
runners as compared with normally active women. The prevalence of 
amenorrhea increased from 1% in normally active women to 11 % in elite 
runners. In this study amenorrheic runners had a 10% reduction in lumbar bone 
density over eumenorrheic runners, putting them at increased risk for 
osteoporosis. 
 The beneficial effect of intense weight-bearing exercise may outweigh the 
negative influence of interrupted menstrual cycles and calorie and calcium intake 
less than recommend daily allowances (RDA) (25). Kirchner found gymnasts to 
have significantly higher BMD than control subjects at the lumbar spine, total 
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proximal femur, femoral neck, ward’s triangle, and whole body as measured by 
DEXA, despite gymnasts’ greater inclination of having an interruption of their 
menstrual cycle (25). 
 Conversely, Gibson found young amenorrheic or oligomenorrheic runners 
to have lower BMD, particularly at the spine compared to young, normal, 
European, reference data (77). Older runners who had had previous menstrual 
disruption but now had regular cycles had BMD comparable to young sedentary 
control subjects despite their years of running. Gibson concluded that with 
consistent presence of normal premenopausal estrogen levels, running at least 3 
hours per week improves BMD. But this effect is negated without consistent past 
or current presence of normal menstrual function. Recken compared the BMD of 
29 amenorrheic and 20 eumenorrheic athletes age 17 to 39, and concluded that 
despite impact loading exercise, extended periods of amenorrhea may result in 
low bone density at multiple skeletal sites (2). 
Hormonal changes associated with amenorrhea, including decreased 
estrogen, are similar to hormone changes experienced during menopause. 
These changes cause increased resorption of bone, resulting in increased rate of 
bone loss of 2 to 4% per year for 4 to 5 years following menopause (21). The rate 
of bone loss can be minimized with hormone replacement therapy, 
calcium/vitamin D supplementation and weight bearing exercise. 
Findings from Theintz’s longitudinal monitoring of bone mass 
accumulation in healthy adolescent girls show that the underlying influence of 
sex steroids on bone mass gain is clearly illustrated in the sharp increase in bone 
mass gain observed in females ages 11 to 14 (78). Menarche is an important 
 31
marker of bone mass growth as shown by the decline in both spinal and femoral 
BMD gains noted two years after menarche. 
 Because of the magnitude of the effect irregular menses has on BMD and 
the small number of subjects in this study, subjects with amenorrhea and 
oligomenorrhea will not be included in the study. 
Nutritional Assessment 
Accurate dietary assessment is key for judging the relationship between 
diet, heath and disease (79). In this study both diet and BMD, a defining 
characteristic of osteoporosis, are to be evaluated. For any relationship between 
the two to be inferred, the method of diet assessment needs to be as accurate as 
possible. Because a prominent component of this study design is diet 
assessment, it is important that validity and reliability of reported dietary intake be 
considered in the adoption of a diet assessment tool. Several studies have 
evaluated dietary data collection methods and tools (79-82). Among the most 
commonly used techniques for assessing dietary intake are the 24-hour recall, 
food frequency questionnaire, diet history and diet record. These methods vary in 
depth and form, and can be divided into two types, recall and record. The recall 
type requires the subject to think back and remember what they ate in the past. 
The record type requires subjects to journal their current intake over a period of 
time. Both of these methods have the versatility of depth. Diet information can be 
collected over the time span of a single meal, one day, three days, a week, a 
month, or even years. It is common for diet recalls to ask for typical intake over 
the past year or to ask for changes in dietary pattern over several years. 
Whereas, the record type is usually limited to a few days or weeks. However 
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when selecting a method of assessment, it is important to choose one which best 
fits the study’s purpose.  
Of the recall type, the 24-hour recall asks the subject to recall what they 
ate in the preceding 24 hours. It is one of the most common and easiest methods 
to use, but it is prone to error (83). When using the 24-hour recall, it is assumed 
that intake reported is typical and representative of the daily diet. Accuracy is 
dependent on the skill of the interviewer and the memory of the client. With this 
method there is tendency to forget snacks, fruits, gravies, sauces, added fat, and 
beverages. Without the aid of props, it is difficult to accurately estimate food 
amounts. Due to variation in diet, multiple 24-hour recalls collected over a period 
of time and averaged can be used to depict an individual’s typical diet. Intake 
tends to be underreported in 24-hour recalls (12). 
The food frequency questionnaire (FFQ) is a simple method of collecting 
diet information (83). It can be completed with or without the help of an 
interviewer, which makes this form applicable to large surveys or as an initial 
screening tool. Food frequency questionnaires vary in detail of food listed 
dependent on purpose for the responses. FFQ may list only food groups or may 
list specific food choices and serving sizes. Respondents are asked to mark the 
frequency of consumption of each food choice listed within a given time frame, 
often the past year. The diversity of the population surveyed affects the 
relevance of the food list. The problem with assessing past intake is that recall of 
past tendencies are often clouded by current patterns (79). Common choices are: 
never or seldom eat, 1 to 3 times a month, once a week, twice a week, 3 to 4 
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times a week, 5 to 6 times a week, once a day, twice a day, 3 or more times a 
day. FFQ tend to overestimate intake compared to other methods (12). 
Kumanyika successfully incorporated pictures into a food frequency 
questionnaire (84). Using the picture sort approach clients separated food 
pictures into baskets corresponding to the frequency of intake of the food 
pictured. In a second round of sorting the clients were shown pictures of a 
medium-portion of the food pictured and asked if they normally consumed more 
or less than the size shown. This was accomplished with life -size pictures of 
household measures and utensils. The two step version of the picture-sort 
approach was a sub-study of the cardiovascular health study involving 96 men 
and women over the age of 65 years. 
Diet history, also a recall method, focuses on usual pattern of food intake 
along with food selection variables that dictate food intake. This interviewer-
mediated technique is detailed and lengthy. Subjects are asked to describe their 
usual daily intake and lifestyle factors that influence their diet. There is no 
standard protocol and numerous variations exist. A diet history is representative 
of usual past intakes and can be helpful in epidemiological studies (12). Because 
this method is conducted by an interviewer the clients need not be literate. But 
because this method is tedious, it requires skill, cooperation, and may be costly. 
Compared to other methods diet histories may also overestimate past intake.  
As with all recall methods the accuracy of the diet assessment is 
dependent on the memory of the client, their ability to estimate food portions and 
their interpretation of the questions. Recall methods directed by an interviewer 
are influenced by the interaction of the interviewer and the client. 
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A food diary or food record, the most prevalent record type method, is a 
little more complicated and its accuracy depends heavily on the honesty and 
completeness of the client (83). This method requires that the client keep a 
current record of every food or drink they consume as the foods are eaten. Food 
diary typically covers three to four days including both weekdays and weekend 
days. The food record is a preferred method because it does not rely on memory, 
food intakes are quantified so that nutrient content can be calculated, and 
multiple day records show variance in diet (12). However for this method to be 
effective clients must be literate and cooperative. Foods consumed away from 
home may be less accurately reported and the burden of keeping a record may 
influence the client’s intake. This method is associated with substantial 
underreporting. 
Direct observation of food intake, also a record method, is more accurate 
but less applicable to most research studies unless subjects consume all of their 
meals in a controlled environment where the amount and value of food served is 
known and amount consumed can be calculated, as in Matkovic’s calcium 
balance study (11). This method is not feasible within the context of this study. 
  Other than selecting the most appropriate assessment tool, the validity 
and reliability of the chosen tool can be influenced by whom and how it is used. 
The accuracy of the diet record rest with the subject and the assumption that 
their dietary habits did not change because of their involvement with the study 
(79). The subject’s perception of acceptable dietary behavior or the burdensome 
chore of keeping a diet record may prompt subjects to simplify their diet or alter 
their reported dietary records.  
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For many reasons it is difficult to validate the instruments that access the 
intake of free living subjects (79).  Often a subject’s dietary habits change day to 
day. Subjects may have difficulty remembering everything they consume, or 
make inaccurate assumptions about food portions (79,85). Thus dietary 
assessment conclusions may be biased. An independent, objective marker such 
as total energy expenditure (TEE) measured with doubly labeled water can be 
used in conjunction with a diet assessment method to confirm its accuracy 
(79,85). TEE measured with doubly labeled water is a non-invasive method of 
obtaining the day to day variation in energy expenditure over several days (79). 
Subjects ingest the doubly labeled water and urine samples are collected over 
several days to measure the excretion of the labeled isotopes 2H and 18O. The 
differential disappearance rates of the labeled isotopes are used to assess the 
carbon dioxide production values needed to calculate TEE. However, this 
method is technically complex and expensive, and thus out of the scope o f this 
study. Studies advantaged with the doubly labeled water method repeatedly 
show that self reported dietary intakes are biased toward underestimation of 
energy intake. This trend is due in part to subjects’ dietary restraint (85,86). 
Despite this trend, not all subjects under-estimate their actual intake. 
Obese adults, obese adolescents, formerly obese adults, and elite female 
athletes are most likely to under-report their actual dietary intake (79,80). It has 
been suggested that regardless of body weight, individuals tend to report food 
intake similar to what they perceive to be the cultural and popular norm instead of 
actual intake. Obese subjects tend to report intakes similar to that of a slender 
person and athletes report intakes proportional to a non-active person.  
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Aware that subjects selected for this study (female athletes) have been 
associated with under-reporting intake, it is important that this study take steps to 
minimize bias in self-report of dietary intake. This in part can be accomplished by 
educating subjects to recognize food portion sizes and to accurately record food 
consumption. Howat demonstrated improved accuracy in estimation of portion 
size after training subjects with both food models and life -sized food photographs 
(85). In a later study Howat further showed that subjects trained with life-size 
photographs of prepared food labeled with appropriate measure significantly 
improved their accuracy of estimating food portions and had fewer errors than did 
subjects trained with traditional food models (87). 
Summary  
 
As supported by the review of literature, it is appropriate that this pilot 
study examine the relationship of nutrients important to bone development, 
physical activity and BMD in female athletes, age 18 to 21 years.  Adolescent 
females tend to consume less than the recommended amount of calcium and in 
some cases athletes restrict their consumption of total calories and consequently 
other bone building nutrients. This study considered these risks and examined 
the prevalence and effect of dietary supplements and other nutrients affecting 
bone density. By far, most research studies have concluded that weight-bearing 
exercise has a beneficial effect on bone, enhancing and maintaining peak bone 
mass; however, the effect of swimming, a non weight-bearing sport, has not been 
as clear. Calcium and exercise together are important for attainment of peak 
bone mass. This study will use a combination of FFQ and food record to estimate 
past and present nutrient intake. 
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Continued research in the area of diet and bone mineral density in young 
women will assist practicing dietitians in assessing osteoporosis risk factors early 
in life and provide guidelines for optimal bone accrual and maintenance. It is 
essential that dietitians are armed with accurate information and that they take a 




This pilot study will compare diet and supplement intake, activity habits, 
body composition, and bone mineral density, of 9 athletic and 12 sedentary 
female subjects, age 18 to 21 years. Five female athletes enrolled at Louisiana 
State University and actively competing in a nonweight-bearing sport (swimming) 
and 4 competing in a weight-bearing sport (gymnastics) were recruited to 
participate in the study. With permission from the team coaches, potential athletic 
participants met with the investigators for a complete explanation of the study, 
completed a screening questionnaire which included questions about 
demographics, past health, family medical history, menses, use of prescription 
and nonprescription drugs, and exercise habits (Appendix A).  As gathered from 
the initial survey, volunteers who had a family history of bone disease, took 
medications that could interfere with bone metabolism, were amenorrheic, were 
non-caucasian, not between age 18 and 21, or objected to any of the procedures 
described were excluded from participation in the study.  
Sedentary controls were defined for this study as subjects who exercised 
less than 1.5 hours per week. The non-athletic, sedentary control group data was 
previously collected in the spring of 1999, as part of a similar pilot study, 
following the same methods described above. Advertisements for recruitment of 
non-athletic sub jects ran in the school newspapers and were posted on fliers on 
campus. Dietetic students were also told about the study and invited to volunteer 
in their nutrition classes. 
The Institutional Review Board (IRB) of Women’s Hospital Foundation and 
the Louisiana Agriculture Center approved this study (Appendix B,C). 
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 After having been briefed on the purpose and requirements of the study, 
subjects selected to participate were asked to read and sign a consent form 
detailing the course of the study, requirements of subjects and subject rights 
(Appendix D). Each subject received a signed copy of the informed consent. All 
subjects were assigned an identification number to protect their identity. Subjects 
were given a packet to complete with written and verbal instructions given by 
trained assistants. The packet included a 3-day food record, a 3-day supplement 
form, a 3-day activity record, a past calcium intake questionnaire, and a detailed 
medical history form (Appendix E,F,G,H). The food, supplement, and activity 
records were collected for two weekdays and one weekend day. Subjects were 
instructed to list foods as accurately as possible, including brand names, 
package size if single serving, method prepared, or restaurant if consumed away 
from home. Subjects recorded food portions using coded picture references 
supplied in the packet (Appendix E).  Reference pictures corresponded to 
household standard measures known only by the researchers. On the activity 
log, subjects recorded type, intensity, and duration of exercise (Appendix F). 
Duration was measured in minutes per activity. Subjects were asked to rate 
intensity as light, moderate, very active, or extremely active. Diet/supplement 
intake and activity were recorded on the same days to coincide with their DEXA 
measurements. The past calcium intake form listed common foods high in 
calcium; subjects were ask to quantify their intake of such foods on a weekly 
basis for the ages 6 to 8, 9 to 12, and 13 to 18 (Appendix G). This was then 
averaged to estimate past daily intake of calcium. Because it may have been 
difficult to recall accurate intake at such an early age, subjects were encouraged 
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to seek help from a parent/guardian for completion of this form. The medical 
history gathered demographic data, use of tobacco, alcohol, and illegal drugs, 
use of caffeinated products, prescription drugs, over-the-counter medications and 
vitamin/supplements, previous hospitalizations/diagnosis, environmental 
exposure, brief diet history, drinking water supply, reproductive history and 
contraceptive history (Appendix H). Age at which athletic subjects initiated 
swimming/gymnastics training was collected using the screening questionnaire 
(Appendix A). All forms were pilot tested for ease of understanding and were 
used in a previous study (88). 
 Subjects were measured for weight, height, bone mineral density and 
body composition. Weight and height were used to calculate body mass index. A 
trained professional at Women’s Hospital measured subjects’ height and weight 
prior to DEXA measurements. Bone mineral density, bone mineral content, and 
body composition were measured with dual energy x-ray absorptiometry (DEXA) 
using the QDR-4500A (Hologic, Waltham, MA) at Women’s Hospital, Baton 
Rouge, Louisiana. DEXA measurements of bone mineral content and bone 
mineral density are reported to be 99% accurate with less than 1% error, with a 
99% reproducibility of measurements (89). DEXA measurements of the lumbar 
spine (L1-L4), left proximal femur which includes ward’s triangle, femoral neck, 
trochanter, intertrochanter and the hip, and whole body were made (Appendix I). 
As a safety precaution all subjects submitted a urine sample for a pregnancy test. 
If a subject was found to be pregnant, DEXA measurements would not have 
been made and the subject would  have been removed from the study.  
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 Following completion of all forms, subjects met with a trained investigator 
to verify completion and accuracy of recorded responses. The diet and 
supplement record was reviewed with each subject by a trained investigator, who 
was a registered dietitian, to clarify all discrepancies and serving sizes prior to 
analysis. The same registered dietitian entered diets into Food Processor for 
analysis. 
Dietary and supplement intake was analyzed using Food Processor (FP) 
software version 7.6 developed by ESHA Research, PO Box 13028, Salem, 
Oregon 97309. The FP database contains approximately 26,000 foods; this 
database can be expanded by manual entry of new items. Foods and 
supplements used by subjects in this study not already in the FP database were 
added using manufacturers’ information. The subjects’ reported nutrient intake 
was compared to the current Recommended Dietary Allowance/Dietary 
Reference Intake values as shown in Table 1. The RDA is the daily, dietary 
intake level that is sufficient to meet the nutrient requirements of 97% of healthy 
people (4,89). DRI is a term intended to include a collection of four specific 
nutrient recommendations: Adequate Intake (AI), Estimated Average 
Requirement (EAR), Recommended Dietary Allowance (RDA), and Tolerable 
Upper Intake Level (UL) (4). The Recommended Dietary Allowance and the 
Dietary Reference Intakes are estimated quantitative reference values of nutrient 
intake used in assessing and planning diets of healthy individuals (90). 
Diet and activity information collected were analyzed to determine their 
effect on bone mineral density. Diet analysis included intake of supplements. 
Calcium intake was compared to the intake of protein. Calcium to protein ratio 
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(mg/g) was calculated and compared to the Food and Nutrition Board’s 1997 
recommendation of 20:1, which is thought to be a protective level against calcium 
loss caused by disproportional high intake of protein (37). Derivation of caloric 
contribution and adequacy of diet were evaluated using Food Processor. 
 All data were analyzed using Statistical Analysis System (SAS). One-way 
analysis of variance was done using a generalized linear model procedure with a 
Tukey adjustment to the significance level, to evaluate the effects of dietary 
factors and activity on bone mineral density. Significance was identified with P 
value of 0.05 and less. Non-significant trends were identified by P values greater 




Recommended Dietary Allowance/Dietary Reference Intakes for females age 19 











Protein (g)a………………… 46 
 
 Riboflavin (mg)…………. 1.1 
Total fat (g)b…..…………… 73  Niacin (mg)……………... 14 
 
Saturated fat (g) b.………… 24  Vitamin B6 (mg)……….. 1.3 
 
Monounsaturated fat (g)b... 25  Folate (:g)……………… 400 
 
Polyunsaturated fat (g) b ... 24  Vitamin B12 (:g)……….. 2.4 
 
Fiber (g) b.………………….. 27.5  Pantothenic acid (mg)…. 5 
 
Calcium (mg)…………..… 1000 
 
 Biotin (:g)………………. 30 
Phosphorus (mg)………… 700 
 
 Choline (mg)…………… 425 
Magnesium (mg)…………. 310 
 
 Vitamin C (mg)…………. 75 
Vitamin D (:g)……………. 5 
 
 Vitamin E (mg)…………. 15 
Fluoride (mg)……………... 3 
 
 Selenium (:g)………….. 55 
Vitamin K (:g)……………. 90 
 
 Vitamin A (:g)………….. 700 
Iron (mg)………………….. 18 
 
 Zinc (mg)………………... 8 
   Iodine (:g)………………. 150 
 
a value given for protein is for 19 to 24 years 
b no RDA or DRI for these nutrients, but recommendations 
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RESULTS 
The aim of this study was to determine if there was a relationship between 
dietary and supplemental intake and activity, specifically competitive swimming 
and gymnastics, and the bone mineral density of young female athletes. The 
results of this study are described below.  
This study examined the diet and supplement intake and activity of 5 
competitive swimmers, 4 competitive gymnasts and 12 non-athlete control 
subjects. The subjects were all Caucasian, female students at Louisiana State 
University.  The athletic subjects were all actively participating in their respective 
sport during this study. The athletes’ data were collected during the teams’ 
competitive season. The mean subject profile is summarized in Table 2. There 
was no significant difference in age among the three groups; all subjects were 
between the age of 18 and 21. Likewise there was no significant difference in 
weight or BMI among groups. However there was a significant difference in 
height and body fat. The gymnasts (157.2±2.56 cm) were significantly shorter 
than both the swimmers (169.4±6.66 cm), (P<0.05) and the control subjects 
(167.2±7.28 cm), (P<0.05). There was no significant difference in height between 
the swimmers and the control subjects (P>0.07). Body composition measured by 
DEXA showed a significant difference in percent body fat between the athletes 
and the control subjects, but no significant difference between swimmers and 
gymnasts. The swimmers and the gymnasts had lower body fat (22.5±3.29% and 




 Mean ± standard deviation subject profile by group 
Profile Control Swimmers Gymnasts 
N 12 5 4 
Age, y 19.8±0.93 19.2±0.83 20±1.41 
Height, cm *a 167.2±7.28 169.4±6.66 157.2±2.56 
Weight, kg 60±11.2 68±7.01 58±3.90 
BMI, kg/m2 21.47±3.53 23.7±1.54 23.4±0.80 
Body fat, % b,**c 28.4±5.14 22.5±3.29 19.1±2.75 
Age at menarche, y 13.2±1.33 13.8±1.48 14.5±1.73 
Age sport initiated, y *d  ----------- 9.2±3.42 4.5±1.29 
Hour exercise/day **e, 0.4±0.40 2.0±0.73 0.9±0.28 
Smokers † 17% 20% 0% 
Alcohol intake †† 50% 60% 25% 
* a For this group, the difference between control subjects and gymnasts, and 
between swimmers and gymnasts were significant, P<0.05. 
 b For this group, P<0.07 indicated a trend between swimmers and gymnasts. 
** c For this group, the difference between control subjects and gymnasts was 
  significant, P<0.05. 
* d For this group, the difference between swimmers and gymnasts was 
  significant, P<0.05. 
** e For this group, the difference between control subjects and swimmers, and  
between swimmers and gymnasts were significant, P<0.01. 
 † past or current smokers 






The athletic subjects exercised significantly more than the control group. 
The swimmers trained an average of 2±0.73 hours per day and the gymnasts 
trained an average of 0.9±0.28 hours per day, whereas the control subjects 
exercised less than 1.5 hours per week.  
One objective of the study was to determine if the longevity of exercise 
had an effect on BMD. Athletes were asked to report the age at which they 
initiated the sport in which they now compete. Gymnasts began at the mean age 
of 4.5±1.29 years, significantly (P<0.05) earlier than did swimmers at mean age 
9.2±3.42 years. No direct correlation was found between age exercise was 
initiated and BMD; however gymnasts did have greater BMD than the swimmers. 
Likewise the effect of estrogen on bone was considered in this study. All 
subjects reported at least 8 menstrual cycles per year. A total of eight subjects 
reported current or previous use of oral birth control. The control subjects 
reported the youngest age at menarche, 13.3±1.33, followed by the swimmers at 
13.8±1.48 years and the gymnasts at 14.5±1.73 years. This difference proved to 
be not significant, Table 2. 
The athletes and control subjects’ 3-day food and supplement records 
were analyzed. Nutrient parameters by group are shown in Table 3. Two out of 
12 (16.6%) control subjects met the RDA for the macro-nutrients, carbohydrate, 
protein, fat. No subject met the RDA/DRI for all micro-nutrients. There was no 
significant difference in the caloric intake between the athletes but the control 
subjects consumed a significantly greater percent of the RDA for calories than 




Mean ± standard deviation comparison by group for nutrient parameters 
Parameter Control Swimmers Gymnasts 
Energy, % RDA *a 97±23.07 67±24.39 57±11.61 
Protein, % RDA ***b 155±46.30 90±45.12 82±14.21 
Carbohydrate, % RDA *a 84±21.82 58±19.12       50±7.32 
Total Fat, % RDA 112±44.64 72±31.46 60±30.04 
Bone Builders    
Calcium, %RDA 90.6±30.63 104±53.00 73±19.91 
Phosphorous, % RDA 121±34.37 108±36.34 108±38.09 
Magnesium, % RDA 60±27.17 68±32.64 67±18.60 
Vitamin D, % RDA 126±176.72 102±126.23 33±23.93 
Vitamin K, % RDA 53±64.97 15±24.12         7±7.63 
Calcium : Protein, mg/g 13.6±6.07 15.7±8.89 12.1±2.91 
Other Differences    
Fiber, % RDA*c 78±36.63 42±11.62       51±7.79 
Folate, % RDA *d 68±50.52 51±29.58 108±50.17 
Iron, % RDA **e 108±64.30 80±34.55 190±57.40 
Potassium, % RDA f 45±11.88 53±36.81 53±11.95 
Zinc, % RDA *d 72±41.22 58±49.54 131±55.09 
 Values based on Food Processor’s calculations for RDA considering 
subjects age, height, weight, and activity level 
* a For this group, the difference between control subjects and gymnasts was             
  significant, P<0.05. 
*** b For this group, the difference between control subjects and swimmers, and  
between control subjects and gymnasts were significant, P<0.001. 
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Table 3 Continued  
* c For this group, the difference between control subjects and swimmers was  
  significant, P<0.05. 
* d For this group, the difference between swimmers and gymnasts was 
significant, P<0.05. 
** e For this group, the difference between swimmers and gymnasts was 
significant, P<0.01. 
 f For this group, P<0.07 indicated a trend between control subjects and 





were significant differences between swimmers and gymnasts for folate (P=0.03), 
iron (P<0.01), and zinc (P<0.05). Gymnasts reported significantly greater intake. 
Gymnasts exceeded the RDA/DRI for these nutrients. There were significant 
differences between swimmers and controls for protein (P<0.001), and fiber 
(P<0.05), and a trend for folate (P<0.07); the control subjects consumed higher 
amounts of these nutrients. Control subjects consumed significantly more protein 
(P<0.001) and carbohydrate (P<0.05) than did the gymnasts. Control subjects 
consumed 155±46.3% of the RDA for protein; the gymnasts consumed 
82.2±14.22%. Control subjects consumed 84.3±21.82% of the RDA for 
carbohydrate; gymnasts consumed 50.2±7.82 %. 
Three of the 4 (75%) gymnasts and 4 of the 12 (33%) control subjects took 
multivitamin or single nutrient pills, such as vitamin C or E, at least once during 
the study. None of the swimmers took any vitamin or supplemental pills, however 
one swimmer used protein powder in homemade smoothies. This swimmer 
exceeded the RDA for protein consuming and average of 154g protein per day 
(181% RDA). 
There were no significant differences among the three groups for intake of 
bone building nutrients calcium, vitamin D, phosphorus, magnesium, or vitamin 
K, nor was there a difference in the calcium protein ratio among the three groups 
(Table 3). None of the subjects met the calcium to protein ratio recommendation 
of the Food and Nutrition Board of 20:1 mg/g (37). All three groups did exceed 
the 9.3:1 calcium to protein ratio reported by the NHANES III (37). 
As shown in Table 4, all subjects estimated their calcium intake from their 
youth by reporting past intake of several foods high in calcium. Average daily 
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intakes of calcium were estimated during three age groups 6 to 8, 9 to 12, and 13 
to 18. There were no differences among any of the three subject groups for 
calcium intake from the age of 6 to 8, or 9 to 12; however, in the 13 to 18 year 
range a trend was noted. Swimmers consumed more calcium than the control 
subjects, 1232.8±406.41mg verses 679.7±401.35mg, (P<0.07). Though non-
significant, the athletes consumed greater amounts of calcium across all age 
groups than did the control subjects.  
Mean comparison of BMD by group is shown in Table 5. Gymnasts have 
significantly greater whole body BMD (P<0.05), BMD of the lumbar spine L1-L4 
(P<0.05), and of the femoral neck (P<0.05) than the control subjects. The 
gymnasts also have significantly greater BMD of the ward’s triangle (P<0.05), 
femoral neck (P<0.01), and total hip (P<0.05) than the swimmers. However no 
significant differences in BMD at sites measured were found between swimmers 
and control subjects.  
Though not significant swimmers did appear to have greater mean whole 
body BMD, 1.094±0.71g/cm2 verses 1.077±0.05 g/cm2, than control subjects. 
However, the swimmers’ BMD at the lumbar spine L1-L4, ward’s triangle, femoral 
neck, trochanter, intertrochanter, and total hip appeared to be lower than the 




Mean ± standard deviation past calcium intake by group, mg/day 
Age, yr Control Swimmers Gymnasts  
6 - 8  608±397.38  721.9±270.44 924.8±508.46  
9 -12 609.5±366.06  877.9±297.12 958.9±523.01  
13 – 18 a 679.7±401.35 1232.8±406.41 1154.8±561.41  
a For this group, P<0.07 indicated a trend between control subjects and 




 Mean ± standard deviation comparison of DEXA bone data by group 
Bone Data, g/cm2 = Control Swimmers Gymnasts 
Whole BMD *a 1.077±0.05 1.094±0.71 1.165±0.05 
L1 – L4 *a 1.011±0.09 1.082±0.09 1.167±0.13 
Ward’s Triangle *b 0.886±0.12 0.794±0.08 0.991±0.10 
Femoral Neck *a, **c 0.901±0.11 0.809±0.09 1.077±0.12 
Trochanter 0.794±0.12 0.736±0.11 0.870±0.08 
Inter-trochanter 1.127±0.08 1.117±0.04 1.257±0.16 
Total Hip *b 0.985±0.06 0.952±0.09 1.102±0.12 
* a For this group, the difference between control subjects and gymnasts was 
  significant, P#0.05. 
* b For this group, the difference between swimmers and gymnasts was 
significant, P<0.05. 








This study set out to identify differences in dietary and supplemental 
intake with type and duration of activity between athletes participating in a 
weight-bearing and a nonweight-bearing sport and control subjects, and to 
determine if there were correlations between these differences and bone mineral 
density in young females. In this section the results of this study are discussed. 
 The similarities among the three groups were not surprising. All subjects 
were recruited from the Louisiana State University student population. Although 
current reports estimate that over 50% of adult Americans are overweight (3), 
this standard is not necessarily true on a university campus. Furthermore, due to 
the nature of the study many of the control subject volunteers came from the 
school of Human Ecology where they learned about the study in their nutrition 
classes. Worobey reported that dietetic students have the highest cognitive 
concern about food and body, and scored highest on bingeing/purging behavior 
than did students in other majors (91). As many as 53% of dietetic students 
reported that they were bothered by the thought of fat on their body, and 23% 
reported that they consciously restrict their eating at least once a month to 
control their weight. Furthermore individuals drawn into the dietetic curriculum do 
not necessarily fit the body type of the academic university as a whole. When 
compared to nursing, education, or engineering students, they are leaner; thus it 
is not unusual that there are no differences in weight or BMI between the athlete 
and control subjects. This evidence is further supported because dietitians report 
that they feel they must maintain a lean physique in order to succeed, and to be 
trusted as a role model (92). Furthermore, concern with body weight may have 
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drawn dietitians toward a food related career (92,93). Using an eating disorder 
questionnaire, the Bulit, Howat found little difference in bulimic behavior among 
dietitians, nurses, and high school teachers (92). 
As in numerous studies, the gymnasts in this study were found to be 
shorter than both the swimmers and the control subjects (94-96). Rogol noted 
that adolescent gymnasts are shorter, lighter, and have less body fat than 
swimmers and control subjects (22). Furthermore, many studies have found that 
gymnasts trained more hours per week, had lower growth velocities, diminished 
growth spurt, delayed menarche and their predicted height declined as years of 
training increase resulting in a less than expected adult height 
(22,70,71,94,96,97). In comparison adolescent swimmers trained fewer hours 
per week, matured earlier and reached predicted height. Peltenburge and 
Lindholm both noted a relationship among gymnasts’ young age at initiation of 
training, reduced fat mass, notably later age at menarche, and stunted height 
(70,96). This study, too, noted that gymnasts started training at the mean age of 
4.5 years, an average of 4.7 years earlier than did swimmers and that they 
experienced menarche at age 14.5 compared to swimmers at age 13.8 years 
and control subjects at age 13.2 years, an average of 0.7 and 1.4 years earlier 
respective ly. Baxter-Jones reported similar ages finding gymnasts to have later 
mean ages of menarche compared to swimmers and tennis players 14.3, 13.3, 
and 13.2 years respectively (71). Peltenburg found onset of puberty and 
menarche to be 1 to 2 years later in gymnasts compared to swimmers and age 
matched schoolgirls (70). On the other hand gymnasts may be shorter due to 
natural selection of the sport. Shorter people may simply be better fit to 
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maneuver through the mechanics of gymnastics than taller individuals therefore 
they are more likely to excel at the sport and to continue to participate and 
achieve competitive status.  
 Differences in the amount of time exercising between the athletes may be 
in part due to the timing of the data collection and the intensity of training due to 
differences in competition schedule. Contrary to most reports, the swimmers 
trained significantly (P=0.01) more hours per day than did the gymnasts, 2 and 
0.9 hours respectively. The gymnasts reported their activity shortly after a 
national competition, whereas the swimmers were still competing in regular 
season.  
 There was no significant difference in the caloric intake between the 
athletes, but the control subjects consumed a significantly greater percent of the 
RDA for calories than did the gymnasts 97.3% verses 57% of the RDA. The 
results are mirrored in a similar study by Howat in which the athletes, female 
soccer players, consumed lower percent of RDA for calories than the control 
subjects, 68% verses 97% (88). Kirchner, too, reported that collegiate gymnasts 
consume less than the RDA and significantly fewer calories than control subjects 
(25). This study’s findings are consistent with earlier reports that adolescent 
gymnasts do not consume adequate calories to support their energy expenditure 
during competitive training.  
In this study the athletes consumed comparatively fewer calories than did 
the control subjects despite their greater energy expenditure. This in part may 
likely be due to the athletes’ increased responsibilities. Both the swimmers and 
gymnasts must adhere to tight training and class schedules and may be afforded 
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less time to eat and shop for groceries than the non-athletic control subjects. The 
swimmers consumed more calories than the gymnasts. It may be speculated that 
swimming demands more energy than land-based activities because the 
swimmer is constantly working to stay afloat. It may be more difficult for the 
swimmers to perform training duties without adequate energy than it is for the 
gymnasts to do so.  
The gymnasts exceeded swimmers in intake of folate, iron, and zinc. This 
may be in part because 75% of the gymnasts took a multivitamin whereas none 
of the swimmers did. The control subjects consumed greater amounts of protein, 
fiber, and folate than did the swimmers, and more carbohydrate and protein than 
did the gymnasts. Again the control subjects consumed proportionally more 
calories than did the athletes and 33% took dietary supplements. 
 In 1997 the Food and Nutrition board recommended a calcium to protein 
ratio equal to or greater than 20:1 mg/g as adequate to maintain bone health 
(37). High acid load, caused by high intake of protein, increases urinary excretion 
of calcium, posing a risk to bone. However adequate intake of alkali foods such 
as fruits and vegetable or sufficient intake of calcium can buffer the harmful effect 
of high protein consumption on bone. Excess protein will not harm bone if 
calcium intake is adequate (37). NHANES III reported the average American 
calcium to protein ratio at 9.3:1 mg/g (37). In this study the calculated calcium to 
protein ratio for control subjects (13.6±6.07), swimmers (15.7±8.89), and 
gymnasts (12.1±2.91) exceeded the NHANES III average, yet fell short of the 
recommended protective value. There is little evidence that diets rich in protein 
are associated with increased risk of fracture, because self-selected diets usually 
 57
provide a variety of foods including alkali plant foods and calcium sources. No 
correlation was found between the calcium to protein ratio and BMD in this study. 
 When considering the effects of athletic training it is important to 
remember that the swimmers used in this study were competitive athletes and 
that their training consisted of more than swimming. Though the focus of their 
sport is nonweight-bearing, their exercise routine commonly included weight-
bearing activities such as running and weight lifting, while the gymnasts’ training 
was entirely weight-bearing. Although the control subjects exercised less than 
1.5 hours a week, the nature of the campus required these subjects to do a fair 
amount of walking to and from class, which may easily be more exercise than a 
non-student sedentary control subject but not any different than that required of 
student athletes. Considering these differences in daily activity this section will 
examine differences found in the subjects BMD. 
 Gymnastics involves jumping, tumbling, and landing movements that 
place high loads on the musculoskeletal system. Taaffe estimates that a gymnast 
lands several hundred times in a week of training, and that the impact of these 
landings could be up to 18 times the gymnast’s own weight (52). Many of the 
swimmers in this study reported that they regularly include running as part of 
their exercise routine. Running, however only imparts a landing force twice that 
of the runner’s weight. As for the control subjects who walk daily, the landing 
impact of walking is equal to one body weight. It is poignant that neither the 
swimmers nor the control subjects experience the pounding effects experienced 
daily by the gymnasts, and that it is likely due to this repetition of high impact 
landings that gymnasts surpass their counterparts in measurement of BMD (52). 
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 The finding of no statistical differences between swimmers and control 
subjects in this study cannot be allowed to dismiss the potential benefits water 
sports may have on bone health as positive findings have been reported in the 
rat model (54,55,56,98). The medical histories of two of the swimmers may 
indicate that their bone density is not at its optimum due to a profound history of 
smoking and alcohol consumption in one case and a history of anorexia with 
cessation of menses for one year in the other case. Smoking, alcohol, and 
amenorrhea are all accepted deterrents of bone growth. It is notable that these 
two swimmers have lower BMD measurements than the other swimmers. These 
two exceptions leave only three swimmers without confounding factors to 
balance out the effects of swimming on BMD. Because these two swimmers met 
the criteria for acceptance into the study their information could not be left out, 
without biasing the study. This study is limited by small sample size and 
conclusions about swimming’s effect on bone cannot be made. 
 Statistically there is no difference in the BMD of the lumbar spine between 
the gymnasts and the swimmers, however the gymnasts do have statistically 
greater BMD of the lumbar spine measured at L1 – L4 than the control subjects. 
This would seem to suggest that the swimmers have a stronger back than control 
subjects, though not significantly so. The bone strength found in the gymnasts’ 
lumbar spine and proximal femur is certainly referenced by several studies and 
most often attributed to the intensity of the weight-bearing nature of their training 
(25,52,99). 
 Similar to the findings reported by Taaffe (52), gymnasts had greater 
femoral neck BMD (1.08 g/cm2) than the control subjects (0.90 g/cm2) who had 
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greater femoral neck BMD than the swimmers (0.81 g/cm2). The difference 
between the control subjects and the swimmers was not significant. The 
gymnasts had greater BMD at both the spine and hip than did the nonathletic 
controls. However, the swimmers, equally trained athletes showed no significant 
differences from the control subjects at any site. 
 Taaffe also suggest that the weightlessness experienced by swimmers in 
the pool could counteract the benefits of their weight training, similar to the effect 
seen in astronauts and bed bound patients (52). This is disputed in studies 
examining recreational swimmers who do not weight train (53,100). Hegsted and 
Keenan found improved BMD in ovariectomized rats that swam daily compared 
to sedentary counterparts (55,56). Swissa-Sivan found greater bone density, 
bone weight and bone mineral content of the humeri and tibiae bones of swim-
trained female rats compared to sedentary rats (54). Swissa-Sivan swam rats 
one hour a day, 5 times a week, for 20 weeks. One group swam with a load of 
1% of their body weight, the other group swam load free. Irrespective of load 
both swim trained groups had significantly greater bone weight, bone volume, 
bone length, cortical area, bone density, and bone mineral content than 
sedentary rats. Swissa-Sivan concluded that swimming exercise has a positive 
effect on bone growth and development in young rats.  
 So could swimming be beneficial to bone during adolescence, a time of 
growth? Possibly so, but the results of this study were limited by small sample 
size and compromising histories of two out of five of the swimmers. Like earlier 
studies, this study found clear evidence of the benefits of the weight-bearing 
sport gymnasts on BMD in young females. No direct correlations were evident 
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between diet intake and use of dietary supplements and BMD in this sample of 
young women.  
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APPLICATIONS 
It is always essential that practicing dietitians remain current in their 
recommendations for their patients. This study emphasizes the importance of 
both adequate diet intake and physical activity on bone health. Due to limited 
sample size, this study could not show clearly the relationship between nutrients 
and bone health. Diet must remain a focus in educating young athletes. Dietitians 
can have a tremendous influence on an adolescent’s bone health. Therefore it is 
essential that dietitians be informed of the role of kinetics on bone. Dietitians 
should broaden their field of knowledge and learn the benefits of different 
activities so that they might be better able to make comprehensive 
recommendations that include patient specific activity guidelines. This study 
helped reiterate the importance of weight-bearing activity on BMD. Future studies 
may be able to identify more specifically the movements that are most beneficial 
and help simplify and adapt these movements to specific exercises that can be 







1. Robinson TL, Snow-Harter C, Taaffe DR, Gillis D, Shaw J, Marcus R. 
Gymnasts exhibit higher bone mass than runners despite similar prevalence 
of amenorrhea and oligomenorrhea. J Bone Miner Res. 1995;10(1):26-35. 
 
2. Rencken ML, Chesnut CH, Drinkwater BL. Bone density at multiple skeletal 
sites in amenorrheic athletes. JAMA. 1996;276(3):238-40. 
 
3. National institutes of Health / National Heart, Lung, and Blood Institute. 
Obesity Education Initiative, Clinical Guidelines on the Identification, 
Evaluation, and Treatment of Overweight and Obesity in Adults, The 
Evidence Report. U.S. department of Health and Human Services. 1996;71-
83. 
 
4. Mahan KL, Escott-Stump S. Krause’s Food, Nutrition and Diet Therapy, 10th 
ed. Philadelphia, PA. W.B. Saunders Company. 2000;611-30. 
 
5. Marieb EN. Human Anatomy and Physiology, 3rd ed. Redwood City, CA: The 
Benjamin/Cummings Publishing Company, Inc. 1995;156-80. 
 
6. Bonnick SL. Bone Densitometry in clinical practice Applications and 
Interpretation. Totowa, NJ Human Press. 1998;14-6. 
 
7. National Institutes of Health. Osteoporosis and Related Bone 
Diseases~National Resource Center. Osteoporosis Overview. Available at: 
http://www.osteo.org. Accessed October 18, 2000. 
 
8. Aisenbrey JA. Exercise in the prevention and management of osteoporosis.  
Physical Therapy.1987;67(7):1100-4. 
 
9. Rutherford OM. Is there a role for exercise in the prevention of osteotic 
fractures? Br J Sports Med. 1999;33(6):378-86. 
 
10. NIH Consensus Development Panel on Osteoporosis Prevention, Diagnosis, 
and Therapy. Osteoporosis prevention, diagnosis, and therapy. JAMA. 
2001;385(6):785-93. 
 
11. Matkovic V, Fontana D, Tominac C, Goel P, Chesnut CH. Factors that 
influence peak bone mass formation: a study of calcium balance and the 
inheritance of bone mass in adolescent females. Am J Clin Nutr. 
1990;52:878-88. 
 
12. Ziegler EE, Filer LJ. Present Knowledge in Nutrition, 7 th ed. Washington DC. 
ILSI Press. 1996;245-64. 
 
 63
13. Matkovic V, Jelic T, Wardlaw GM, Ilich JZ, Goel PK, Wright JK, Andon MB, 
Smith KT, Heaney RP. Timing of peak bone mass in caucasian females and 
its implication for the prevention of osteoporosis inference from a cross-
sectional model. J Clin Invest. 1994;93:799-808. 
 
14. Metz JA, Anderson JJB, Gallagher PN. Intakes o f calcium, phosphorus, and 
protein, and physical-activity level are related to radial bone mass in young 
adult women. Am J Clin Nutr. 1993;58:537-42. 
 
15. Johnson C, Powers PS, Dick R. Athletes and eating disorders: the National 
Collegiate Athletic Association Study. Int J Eat Disord. 1999;26(2):179-88. 
 
16. Matkovic V. Calcium and peak bone mass. J Intern Med. 1992;231:151-60. 
 
17. Recker RR, Davies KM, Hinders SM, Heaney RP, Stegman MR, Kimmel DB. 
Bone gain in young adult women. JAMA. 1992;268(17):2403-8. 
 
18. Rubin LA, Hawker GA, Peltekova VD, Fielding LJ, Ridout R, Cole DEC. 
Determinants of peak bone mass: clinical and genetic analyses in a young 
female Canadian cohort. J Bone Miner Res. 1999;14(4):633-43. 
 
19. Gleeson PB, Protas EJ, LeBlanc AD, Schneider VS, Evans HJ. Effects of 
weight lifting on bone mineral density in premenopausal women. J Bone 
Miner Res. 1990;5(2):153-8. 
 
20. Emslander HC, Sinaki M, Muhs JM, Chao EYS, Wahner HW, Bryant SC, 
Riggs BL, Eastell R. Bone mass and muscle strength in female athletes 
(runners and swimmers). Mayo Clin Proc. 1998;73:1151-60. 
 
21. Smith EL, Raab DM. Osteoporosis and physical activity. Acta Med Scand. 
Suppl.1986;711:149-56. 
 
22. Rogol AD, Clark PA, Roemmich JN. Growth and pubertal development in 
children and adolescents: effects of diet and physical activity. Am J Clin Nutr. 
2000;72(suppl):521S-8S. 
 
23. West RV. The female athlete, the triad of disordered eating, amenorrhea and 
osteoporosis. Sports Med. 1998;26(2):63-71. 
 
24. Nichols DL, Sanborn CF, Bonnick SL, Gench B, DiMarco N. Relationship of 
regional body composition to bone mineral density in college females. Med 
Sci Sports Exerc.1995;27(2):178-82. 
 
25. Kirchner EM, Lewis RD, O’Connor PJ. Bone mineral density and dietary 
intake of female college gymnasts. Med Sci Sports Exerc. 1995:27(4): 543-9. 
 
 64
26. Fleming KH, Heimbach JT. Consumption of calcium in the U.S.: food sources 
and intake levels. J Nutr. 1994;124:1426S-30S. 
 
27. Heimburger DC, Weinsier RL. Handbook of clinical nutrition. 3rd ed. St. Louis, 
MO. Mosby-Year Book, Inc. 1997:509-10. 
 
28. Kerstetter JE, Mitnick ME, Gundberg CM, Caseria DM, Ellison AF, Carpenter 
TO, Insogna KL. Changes in bone turnover in young women consuming 
different levels of dietary protein. J Clin Endocrinol Metab. 1999;84(3):1052-5. 
 
29. Whitney EN, Rolfes SR. Understanding Nutrition, 7 th ed. Minneapolis, IN. 
West Publishing Company. 1996;448-55. 
 
30. Weaver CM. Age related calcium requirements due to changes in absorption 
and utilization. J Nutr. 1994;124(8 suppl):1418S-25S. 
 
31. Standing committee on the scientific evaluation of dietary reference intakes 
food and nutrition board institute of medicine. Dietary Reference Intakes for 
Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride. Washington D.C. 
National Academy Press. 1997;90-115. 
 
32. Andon MB, Lloyd T, Matkovic V. Supplementation trials with calcium citrate 
malate: evidence in favor of increasing the calcium RDA during childhood and 
adolescence. J Nutr. 1994;124:1412S-17S. 
 
33. Clarkson PM, Haymes EM. Exercise and mineral status of athletes: calcium, 
magnesium, phosphorus, and iron. Med Sci Sports Exerc.1995;27(6):831-43. 
 
34. Sasaki M, Harata S, Kumazawa Y, Mita R, Kida K, Tsuge M. Bone mineral 
density and osteo sono assessment index in adolescents. J Orthop Sci. 
2000;5(3):185-91. 
 
35. Michaelesson K, Holmberg L, Mallmin H, Wolk A, Bergstrom R, Ljunghall S. 
Diet, bone mass, and osteocalcin: a cross sectional study. Calcif Tissue Int. 
1995;57:86-93. 
 
36. Grimm M, Muller A, Hein G, Funfstuck R, Jahreis G. High phosphorus intake 
only slightly affects serum minerals, urinary pyridinum crosslinks and renal 
function in young women. Eur J Clin Nutr. 2001;55(3):153-61. 
 
37. Heaney RP. Excess dietary protein may not adversely affect bone. J Nutr. 
1998;128:1054-7. 
 
38. Lutz J.  Calcium balance and acid-base status of women as affected by 




39. Barzel US, Massey LK. Excess dietary protein can adversely affect bone. J 
Nutr. 1998;128:1051-3. 
 
40. Antonios TFT, MacGregor GA. Salt – more adverse effects. Lancet. 
1996;348:250-1. 
 
41. Devine A, Criddle RA, Dick IM, Kerr DA, Prince RL. A longitudinal study of the 
effect of sodium and calcium intakes on regional bone density in 
postmenopausal women. Am J Clin Nutr. 1995;62:740-5. 
 
42. McParland BE, Goulding A, Campbell AJ. Dietary salt affects biochemical 
markers of resorption and formation of bone in elderly women. Br Med J. 
1989;299:834-5. 
 
43. Philip WJU, Martin JC, Richardson JM, Reid DM, Webester J, Douglas AS. 
Decreased axial and peripheral bone density in patients taking long term 
warfarin. Q J Med. 1995;88(9):635-40. 
 
44. Vermeer C, Gijsbers BLMG, Craciun AM, Groenen-van Dooren MMCL, 
Knapen MHJ. Effects of vitamin K on bone mass and bone metabolism. J 
Nutr. 1996;126(4 Suppl):1187S-91S. 
 
45. Olsen RE. Osteoporosis and vitamin K intake. Am J Clin Nutr. 2000;71:1031-
2. 
 
46. Craciun AM, Wolf J, Knapen MHJ, Brouns F, Vermeer C. Improved bone 
metabolism in female elite athletes after vitamin K supplementation. Int J 
Sports Med. 1998;19(7):479-84. 
 
47. Freskanich D, Weber P, Willet WC, Rockett H, Booth SL, Colditz GA. Vitamin 
K intake and hip fractures in women: a prospective study. Am J Clin Nutr. 
1999;69:74-9. 
 
48. Caillot-Augusseau A, Vico L, Heer M, Voroviev D, Souberbielle J, Zitterman 
A, Alexandre C, Lafage-Proust M. Space flight is associated with rapid 
decreases of undercarboxylated osteocalcin and increases of markers of 
bone resorption without changes in their circadian variation: observations in 
two cosmonauts. Clinical Chemistry. 2000;46(8):1136-43. 
 
49. Etherington J, Harris PA, Nandra D, Hart DJ, Wolman RL, Doyle DV, Spector 
TD. The effects of weight-bearing exercise on bone mineral density: a study 
of female ex-elite athletes and the general population. J Bone  Miner Res. 
1996;11(9):1333-8. 
 
50. Fehling PC, Alekel L, Clasey J, Rector A, Stillman RJ. A comparison of bone 
mineral densities among female athletes in impact loading and active loading 
sports. Bone. 1995;17(3):205-10. 
 66
 
51. Heinonen A, Oja P, Kannus P, Sievanen H, Haapasalo H, Manttrari A, Vuori I. 
Bone mineral density in female athletes representing sports with different 
loading characteristics of the skeleton. Bone. 1995;17(3):197-203. 
 
52. Taaffe DR, Snow-Harter C, Connolly DA, Robinson TL, Brown MD, Marcus R. 
Differential effects of swimming verus weight-bearing activity on bone mineral 
status of eumenorrheic athletes. J Bone Miner Res. 1995;10(4):586-93. 
 
53. Orwoll ES, Ferar J, Oviatt SK, McClung MR, Huntington K. The relationship of 
swimming exercise to bone mass in men and women. Arch Intern Med. 
1989;149:2197-200. 
 
54. Swissa-Sivan A, Simkin A, Leichter I, Nyska A, Nyska M, Stratter M, Bivas A, 
Menczel J, Samueloff S. Effect of swimming on bone growth and 
development in young rats. Bone Miner 1989;7(2):91-105. 
 
55. Hegsted M, Stanciu C, Keenan MJ, O’Neil CE, Melton SA, Zablah EM, Jones 
KL, Freeman Q, Meyers B, Fernandez JM. Swim exercise preserves bone 
density in ovariectomized retired breeder rats, abstracted. FASEB J. 
2001;15(5):A979. 
 
56. Hegsted M, Zhang Y, Morris S, Keenan MJ, Melton SA, Morris GS. Swim 
training prevents loss of bone density in ovariectomized post breeder rats, 
abstracted, abstracted. FASEB J. 1997;11(3):A377. 
 
57. Tsuli S, Tsunoda N,Yata H, Katsukawa F, Onishi S, Yamazaki H. Relation 
between grip strength and radial bone mineral density in young athletes. Arch 
Phys Med Rehabil. 1995;76:234-42. 
 
58. Eisman JA, Sambrook PN, Kelly PJ, Pocock NA. Exercise and its interaction 
with genetic influences in the determination of bone mineral density. Am J 
Med. 1991;91(suppl 5B):5S-9S. 
 
59. Lohman T, Going S, Pamenter R, Hall M, Boyden T, Houtkooper L, 
Ritenbaugh C, Bare L, Hill A, Aickin M. Effects of resistance training on 
regional and total bone mineral density in premenopausal women: a 
randomized prospective study. J Bone Miner Res. 1995;10(2):1015-24. 
 
60. Brooks ER, Howat PM, Cavalier DS. Calcium supplementation and exercise 
increase appendicular bone density in anorexia: a case study. J Am Diet 
Assoc. 1999;99(5):591-3. 
 
61. Van Loan MD, Keim NL. Influence of cognitive eating on total-body 
measurements of bone mineral density and bone mineral content in 




62. Perron M, Enders J. Knowledge, attitudes, and dietary practices of female 
athletes. J Am Diet Assoc. 1985;85(5):573-6. 
 
63. Schmalz K. Nutritional beliefs and practices of adolescent athletes. J Sch 
Nurs. 1993;9(2):18-22. 
 
64. Storlie J. Nutrition assessment of athletes: a model for integrating nutrition 
and physical performance indicators. Int J Sport Nutr. 1991;1(2):192-204. 
 
65. American Academy of Pediatrics. Committee on Sports Medicine and Fitness. 
Medical concerns in the female athlete. Pediatrics. 2000;106(3):610-3. 
 
66. Ousley-Pahnke L, Black DR, Gretebeck RJ. Dietary intake and energy 
expenditure of female collegiate swimmers during decreased training prior to 
competition. J Am Diet Assoc. 2001;101(3):351-3. 
 
67. Massad SJ, Shier NW, Koceja DM, Ellis NT. High school athletes and 
nutritional supplements: a study of knowledge and use. Int J Sport Nutr. 
1995;5(3):232-45. 
 
68. Krumbach CJ, Ellis DR, Driskell JA. A report of vitamin and mineral 
supplement use among university athletes in a division I institution. Int J sport 
Nutr. 1999;9(4):426-25. 
 
69. Bazzarre TL, Scarpino A, Sigmon R, Marquart LF, Wu SM, Izurieta M. 
Vitamin –mineral supplement use and nutritional status of athletes. J Am Coll 
Nutr. 1993;12(2):162-9. 
 
70. Peltenburg AL, Erich WBM, Bernink MJE, Zonderland ML, Huisveld IA. 
Biological maturation, body composition, and growth of female gymnasts and 
control groups of schoolgirls and girl swimmers, aged 8 to 14 years: a cross-
sectional survey of 1064 girls. Int J Sports Med. 1984;5(1):36-42. 
 
71. Baxter-Jones ADG, Helms P, Baines-Preece J, Preece M. Menarche in 
intensively trained gymnasts, swimmers and tennis players. Ann Hum Biol. 
1994;21(5):407-15. 
 
72. Dhuper S, Warren MP, Brooks-Gunn J, Fox R. Effects of hormonal status on 
bone density in adolescent girls. J Clin Endocrinol Metab.1990;71(5):1083-8. 
 
73. Howat PM, Carbo ML, Mills GQ, Wozniak P. The influence of diet, body fat, 




74. Lloyd T, Buchanan JR, Bitzer S, Waldman CJ, Myers C, Ford BG. 
Interrelationships of diet, athletic activity, menstrual status, and bone mineral 
density in college women. Am J Clin Nutr.1987;46:681-4. 
 
75. Drinkwater BL, Bruemner B, Chestnut CH. Menstrual history as a determinant 
of current bone mineral density in young adults. JAMA. 1990;263(4):545-8. 
 
76. Hetland ML, Haarbo J, Christiansen C, Larsen T. Running induces menstrual 
disturbances but bone mass is unaffected, except in amenorrheic women. Am 
J Med. 1993;95(1):53-60. 
 
77. Gibson JH, Harries M, Mitchell A,  Godfrey R, Lunt M, Reeve J. Determinants 
of bone Density and the prevalence of osteopenia among female runners in 
their second to seventh decades of age. Bone. 2000;26(6):591-8. 
 
78. Theintz G, Buchs B, Rizzoli R, Slosman D, Clavien H, Sizinenko PC, BonJour 
J. Longitudinal monitoring of bone mass accumulation in healthy adolescents: 
evidence for a marked reduction after 16 years of age at the levels of lumbar 
spine and femoral neck in female subjects. J Clin Endocrinol Metab. 
1992;75(4):1060-5. 
 
79. Livingstone MBE. Assessment of food intakes: are we measuring what people 
eat. Br J Biomed Sci. 1995;52:58-67. 
 
80. Schoeller DA. Limitations in assessment of dietary energy intake by self-
report. Metabolism. 1995;44(2):18-22S 
 
81. Sawaya AL, Tucker K, Tsay R, Willett W, Saltzman E, Dallal GE, Roberts SB. 
Evaluation of four methods for determining energy intake in young and older 
women: comparison of doubly labeled water measurements of total energy 
expenditure. Am J Clin Nutr. 1996;63:491-9.  
 
82. Surrao J, Sawaya AL, Dallal GE, Tasay R, Roberts SB. Use of food quotients 
in human doubly labeled water studies: comparable result obtained with four 
widely used food intake methods. J Am Diet Assoc. 1998;98:1015-20. 
 
83. Zeman FJ, Ney DM. Applications in Medical Nutrition Therapy, 2nd 
ed.Englewood Cliffs, NJ. Merrill.1996;53-54. 
 
84. Kumanyika SK, Tell GS, Shemaski L, Martek J, Chinchilli VM. Dietary 
assessment using a picture-sort approach. Am J Clin Nutr. 
1997;65(Suppl):1123S-9S. 
 
85. Howat PA, Mohan R, Champagne C, Monlezun C, Wozniak P, Bray G. 




86. Kroke A, Klipstein-Grobusch K, Voss S, Moseneder J, Thielecke F, Noack R, 
Boeing H. Validation of a self-administered food-frequency questionnaire 
administered in the European Prospective Investigation into Cancer and 
Nutrition (EPIC) Study: comparison of energy, protein, and macronutrient 
intakes estimated with doubly labeled water, urinary nitrogen, and repeated 
24-h dietary recall methods. Am J Clin Nutr. 1999;70:439-47. 
 
87. Howat PM, Church G. The use of photo imagery as a teaching tool. Top Clin 
Nutr. 1995;10(2):82-90. 
 
88. Howat PM, Crombie A, Crombie A. Dietary/Supplement intake and bone 
mineral density. J Am Diet Assoc. 2001:101(5):520-1. 
 
89. DEXA: Radiation Safety. Dual-Energy Radiography, summary. Available at: 
http://www.bh.rmit.edu.au/mrs/DigitalRadiography/DRPapers/DEXA_DEXA.html 
 
90. Trumbo P, Yates AA, Schlicker S, Poos M. Dietary reference intakes: vitamin 
A, vitamin K, boron, chromium, copper, iodine, manganese, molybdenum, 
nickel, silicon, vanadium, and zinc. J Am Diet Assoc. 2001;101(3):294-301. 
 
91. Worobey J, Schoenfeld D. Eating disordered behavior in dietetics students 
and students in other majors. J Am Diet Assoc. 1999;99(9):1100-2. 
 
92. Howat PM, Beplay S, Wozniak P. Comparison of bulimic behavior incidence 
by profession: dietitian, nurse, teacher. J Nutr Ed. 1993;25(2):67-9. 
 
93. Fredenberg JP, Berglund PT, Dieken HA. Incidence of eating disorders 
among selected female university students. J Am Diet Assoc. 1996;96(1):64-
5. 
 
94. Bale P, Doust J, Dawson D. Gymnasts, distance runners, anorexics body 
composition and menstrual status. J Sports Med Phys Fitness. 1996;36(1):49-
53. 
 
95. Malina RM. Physical activity and training: effects on stature and the 
adolescent growth spurt. Med Sci Sports Exerc. 1994;26(6):759-66. 
 
96. Lindholm C, Hagenfeldt K, Ringertz BM. Pubertal development in elite 
juvenile gymnasts. Effects of physical training. Acta Obstet Gynecol Scand. 
1994;73(3):269-73. 
 
97. Theintz GE, Howald H, Weiss U, Sizonenko PC. Evidence for reduction of 




98. Hoshi A, Watanabe H, Chiba M, Inaba Y. Bone density and mechanical 
properties in femoral bone of swim loaded aged mice. Biomed Environ Sci. 
1998;11(3):243-50. 
 
99. Nickols-Richardson SM, Modlesky CM, O’Connor PJ, Lewis RD. 
Premenarcheal gymnast possess higher bone mineral density than controls. 
Med Sci Sports Exerc. 2000;32(1):36-9. 
 
100. Tsukahara N, Toda A, Goto J, Ezawa I. Cross-sectional and longitudinal 
studies on the effect of water exercise in controlling bone loss in Japanese 












































































































Born October 19, 1975, Teresa Christine Jones grew up in Cullman, 
Alabama. She earned her Bachelor of Science in 1998, at the University of 
Alabama in Tuscaloosa, where she completed the coordinated program in 
dietetics. Upon graduation, Teresa successfully completed the Registration 
Examination for Dietitians and was employed by Morrison Health Care.  She 
worked as a clinical dietitian at Lanier Memorial Hospital in Valley, Alabama. In 
the spring of 2000, Teresa moved with her husband to Louisiana and began 
graduate work in nutrition at Louisiana State University. While completing her 
classes, Teresa worked as a graduate teaching assistant. Teresa will graduate in 
December of 2001 with her Master of Science in Human Ecology. Afterward she 
plans to resume her career in dietetics. 
 
 
